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ABSTRACT 


The lack of correlation between the airborne Forward 
Looking Infrared Detector predicted performance by the program 
UFLR and the actual performance due to meteorological 
fluctuations was examined. Calculated performances for the 
detection, classification and identification of four surface 
targets using actual radiosonde profiles were compared to the 
performances obtained using radiosonde data affected by random 
atmospheric variations of pressure, temperature and relative 
humidity. A total of 192 performances were created using this 
method. A visual display and a statistical analysis of the 
actual and simulated performances was’ performed. Piece 
margins were determined in the predicted detection ranges for 
Heweght levels of 12,500 ft., 5,000 ft. and 10,000 ft.. It was 
also determined that the FLIR performance may be degraded up 
to 10 nautical miles for a height level of 5,000 ft., and up 
to 12 nautical miles for a height level of 10,000 ft. due to 


the random atmospheric variations. 
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I. INTRODUCTION 


In the recent years, Naval surveillance has been improved 
by the use of airborne threat warning receivers employing 
scanned IR detectors for purposes of military intelligence, 
maritime traffic control, to watch illegal activities, and 
for the prevention of oil pollution on the _ sea. IR 
reconnaissance overcomes the limitation of sensors in the 
visible spectrum being usable only during daylight hours. The 
advances in microprocessors and support components, together 
with new methods of signal and data processing have allowed 
the realization of reliable IR systems. The practicality of 
such systems iS supported by the well developed sensor 
technology acquired by the Forward Looking IR Receiver (FLIR) 
system. 

With present technology, a FLIR system may be designed 
and evaluated using computer aids. The system performance 
may be modeled and tested giving an output in a form which 
can be directly related to the requirements. Unfortunately, 
due to the complex nature of the atmosphere, the result of 
this modelling may often be in error. In general, the 
performance of an electro-optical system is degraded and often 
limited by atmospheric propagation effects such as absorption 
and scattering due to atmospheric gases, particles and 


hydrometeors or atmospheric turbulence. 


As part of the IR system design activity, it is necessary 
to run trials in order to achieve the performance 
requirements. Over the past several years, various FLIR 
performance prediction codes have been developed by the Naval 
Ocean Systems Center and later revised by the Naval 
Environmental Prediction Research Facility and also by a group 
at the Naval Postgraduate School. As a result, it was found 
that the correlation between the predicted and the actual 
performance has been poor at best, presumably because of 
meteorological fluctuations in both time and position. 

The objective of this research is the comparison of the 
predicted FLIR performance calculated by the program UFLR for 
different radiosonde profiles affected by random atmospheric 
variations. 

The complete process includes three stages: 

- The generation of simulated radiosonde data representing 
random atmospheric variations performed by the computer 
program UFLRATM. Radiosonde profiles for height levels 
from O to 28,000 feet were dithered about the actual 
values of the pressure (millibars), temperature (degrees) 


and relative humidity (percent), multiplied by a Gaussian 
random number generator (0,1), as shown: 


PRES = PR + SIGMAP * R 


TEMP LTE + SIGMAT * R 


RELH 


H 


RE + SIGMARH * R 


where: 


PRES = dithered pressure at a specific elevation. 

TEMP dithered temperature at a specific 
elevation. 

RELH = dithered relative humidity at a specific 
elevation. 

SIGMAP = estimated standard deviation of the 


pressures in radiosonde measurements for a 
given elevation. 


SIGMAT = estimated standard deviation of the 
temperatures in radiosonde measurements for 
a given elevation. 

SIGMARH = estimated standard deviation of the 
relative humidities in radiosonde 
measurements for a given elevation. 

R= Gaussian variant. 


The created environmental profiles serve as the input to 
the UFLR program. 


- The use of the computer program UFLR to provide a 
capability to assess the effects that environmental 
conditions have on the propagation of IR radiation from 
a target and the display of these effects in terms of a 
range at which a FLIR system could detect that target 
with a 50% probability at a specified flight altitude. 
The different input atmospheric profiles will give 
different predicted performance values for the same 
target. Up to four target parameters will be processed 
at the same time. 


- Further work is continuing into the analysis of the 
variance of the predicted performance compared to the 
variance of the measured performance. Visual information 
of these is provided by the plot of the UFLR program 
output, using the computer program UFLRPLT. 


II. THEORY SECTION 


A. FLIR FUNDAMENTALS 
1. General 

When early airborne thermal imaging systems were 
pointed down to the sea surface and used to view objects in 
the near horizontal plane, the term FLIR or Forward Looking 
Infrared was introduced. FLIRsS operate in the 3-5 and 8-14 
micrometer wavelength ranges, and achieve the detection of 
the radiance distribution of a scene under observation by 
scanning the field of view. A typical FLIR system block 


diagram is shown in Figure 2.1. 
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Figure 2.1. FLIR System Block Diagram 


The incident electromagnetic field from the scene 
produces a disturbance within the detector proportional to 
the energy transported by the field. The electromagnetic field 
is converted to an electrical signal by the FLIR system and 
then processed for a video display. The detector is 
characterized by two parameters: the Responsivity (R), which 
is the gain of the detector expressed in volts of output 
Signal per watt of input signal; and the specific Detectivity 
(D) which is the detector output signal-to-noise ratio for one 


watt of input signal, normalized to a unit sensitive detector 


area and a unit electrical bandwidth. [Ref. 1] 
ee ee ee Y) (volt/watt) 
D = (R /V,) (Ay av)” 
where: 
V.= detector signal voltage 
H = distribution of irradiance on the detector 
Dee CeCCeECEer sarea 
V,= rms noise voltage in the detector bandwidth 
AV = detector bandwidth 


The radiation received from a target is compared with 
that of an equivalent area of the background. The 
detectability of that target by a FLIR is determined by the 
distribution of temperature over its surface in contrast with 


the temperature distribution of the background. 


2. Minimum Detectable Temperature Difference 

The minimum detectable target-to-background 
temperature difference indicates the FLIR performance. This 
is often referred to as the Minimum Detectable Temperature 
Difference (MDTD). For the calculation of a detection range, 
it is necessary to know the MDTD of the FLIR system as a 
function of range. 

For a target assumed aS a square against a large 


uniform background, the average signal-to-rms noise ratio per 


frame per line in the image is: [Ref. 1] 
I(X,¥Y) AT 
SNR = 
NETD Displayed Noise Bandwidth Vie 


Equivalent Filter Noise Bandwidth 


where: 

TG aXe) = image of the square target normalized to 
unity amplitude 

AA = target-to-background temperature 
adiiterence i aL, 

NETD = Noise equivalent temperature difference, 
which is the ability of the FLIR system 
to discriminate small signals in noise. 

The NETD is given by: 

NETD = Ta as (aii) 
where: 

V. ~ Signal Voltage 

V. = Noise Voltage 


The Perceived signal-to-noise ratio (S/R) , is 


necessary to achieve a detection and is expressed by: 


(S/N), = (S/N), (Teff/MDTD} 
where: 

(S/N), = experimentally determined SNR for 0.5 
probability of detection | 

Teff = Effective Target-to-background temperature 
difference affected by the total atmospheric 
transmittance (rT) 

Teff = Tt * T 


actual 


The MDTD of a FLIR system changes depending upon 
atmospheric conditions influence on radiant exchanges (i.e., 
sun, sky, clouds), and with thermal convection between the 


sea and the air. [{Ref. 1] 





MDTD = 
hy) 
where: 
MRTD = Minimum resolvable temperature difference 
1 = overall system Modulation Transfer Function 


Since each FLIR system has its own MDTD, it is 
preferable to consider a previously defined value for modeling 


purposes, designed on the basis of blackbody-sea background. 


B. IR RADIATION THROUGH THE ATMOSPHERE 
To reach the FLIR detector, the radiant flux from the 
target has to pass through the atmosphere. The earth's 


atmosphere is filled with absorbing agents, components of the 


atmosphere which extract energy from the supply of radiation. 
Also, the small particles suspended in the atmosphere cause 
scattering and emission of the IR radiation in all directions. 

At a specific wavelength, and for a specific atmospheric 
state, the atmospheric transmittance (rT) is given by the 


Lambert-Beer law: 


T = exp {-u2Z} 
where: 
Z = path length or range 
mv = linear extinction coefficient 
LL = fies + HL, + Ho, Tm. 
ve = molecular absorption 
La = aerosol absorption 
Ve = molecular scattering 
Lee = aerosol scattering 


1. Absorption 
Water vapor, carbon dioxide and ozone are the main 
atmospheric components which absorb the infrared radiation. 
FLIR performance is seriously reduced by rain, snow, fog, 
clouds, haze and smoke. These effects are extremely difficult 
to predict because they depend upon particle size, density, 
location, and discontinuous altitude distributions. 
2. Scattering 
Scattering is produced by molecules of the air and 


aerosol particles suspended in it. 


Maritime aerosols are composed mainly of sea salt due 
to the evaporation of sea spray. Scattering depends on the 
Size of these particles. The concentration and size 
distribution of the particles are strongly dependent on wind 
speed and relative humidity. The particle size number density 
decreases rapidly above 500 meters altitude. 

Resonance occurs when the wavelength of the radiation 


matches the radius of the particle. 


The size parameter (a) = 2m r /% 
where: 
r= radius of the particle 
A = wavelength 
Resonance occurs when r /, = 7 / 2% * 1 


3. Refractivity 
Refractive index (n) describes the change in the 


propagating characteristics of the radiation due to the 


medium. 
n = C/V 

where: 
c= velocity in the free space 
v= velocity in the medium 


Refractive index (n) becomes a complex quantity 
because a phase shift occurs at the interaction of the wave 
with the medium, changing speed of propagation. The real part 
describes the phase velocity of the wave, and the imaginary 


part is the extinction coefficient and represents the wave 


absorption at the resonant frequency. The refractive index 
of the atmosphere depends on molecular resonance, and can be 
expressed by: 


n- 1+ 77.6p / T {1 + 0.0075 /7*} x 10° 


where: 
a\ wavelength in micrometers 
p= pressure in milibars 
T = temperature in °C 


The refraction (n-1), is directly proportional to the 
pressure and inversely proportional to the temperature. 
Pressure and temperature fluctuations produce variations on 
the index of refraction of the atmosphere. 

4. Turbulence 

The atmospheric turbulence also affects the 
performance of a FLIR system by decreasing the resolution. 
The modulation transfer function (MTF), which is the modulus 
of the optical transfer function (OTF) is highly affected by 
the atmospheric turbulence. 

The parameter of interest for the optical properties 
of the atmosphere due to the turbulence is expressed by the 
index of refraction turbulence structure constant (CA )ic 

C= Wyo x 10° eee) o 


where: 


Cc, = temperature turbulence structure constant 
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In order to know the vertical distribution of moisture 
and aerosols on the environment, a radiosonde reading is 
required. 

The vertical profiles of temperature, pressure and 
relative humidity are used as input to the UFLR progran. 

The predicted UFLR performance obtained allows one 
to estimate the range in nautical miles for the detection, 
classification and identification of a particular surface 
target by an airborne FLIR system for different height 


levels. 


C. OPERATIONAL PERFORMANCE MODELING 
1. Definitions 
The operational performance for FLIRS is measured in 
terms of Detection, Classification and Identification of 
different size targets. The size of the image on the display 
screen (number of picture elements) depends on the range to 
the given target and the focal length of the optics. 
a. Detection 
To achieve a Detection, at least one picture 
element above the threshold is required. The performance is 
described in terms of the Noise Equivalent Temperature 
Difference (NETD). 
b. Classification 
A Classification is achieved when the detected 


image allows one to discern the class or type of the target. 
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c. identi fication 
A target is identified when the image is composed 
of large number of pixels and allows one to identify the 


target with great detail. 


d. Probability of Detection 
The probability of detection (just a target's 


presence), for a FLIR can be expressed in the terms of the 


perceived signal-to-noise ratio (S/N), by [Ref. 2]: 


P(det) ai Q [ (S/N), hae eal 
where: 
Q is the standard Normal distribution 
is (ane) 
Ox) = 1/2 | 2 ae dl 
(S/N), = (S/N), * Teff/MDTD 
The Detection with 0.5 probability occurs at a range 
where: 
(S/N), = (S/N), f om P(det) =o [aa] T= ons. 
At this range: Teff = MDTD. 


The UFLR program considers the targets as 
rectangular blocks of fixed dimensions and will display 


detection ranges for the following four target sizes: 
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TYPE LENGTH HEIGHT 





Destroyer 

"Coontz" class SSM . 16 m. 
("Sovremenny") 

Frigate 

"Knox" class 13: 0eme 4 mm. 
("Krivak") 

Corvette 

"Pegasus" class 40 m. 8 m. 
("Osa") 


Surfaced SS 20 Mm. 5 in. 


And for the following flight altitudes: 500 Ft., 
1000 Ft., 1500 Ft., 2000 Ft., 2500 Ft., 3000 Ft., 3500 Ft., 
4000 Ft., 5000 Ft., 7500 Ft., 10000 Ft., 15000 Ft., 20000 Ft., 
22000 Ft. and 30000 FT. 
2. UFLR Program Description 
The UFLR program was designed for the prediction of 
the FLIR performance in terms of flight altitude versus 
maximum range for detection, classification and identification 
of various sized surface targets, as a part of the Tactical 
Environmental Support System (TESS). 
The program consists of the following subroutines: 
a. Profile Subroutine 
This subroutine creates profiles of height, 
absolute humidity, electro-optic m-units and molecular 
absorber density. It requires as input data: the atmospheric 


pressure (mb), temperature (°C) and relative humidity (3%), 


oR 


for the preselected radiosonde height levels, the radiosonde 
launch height, and the pressure (mb) at that height. See 
Figure 2.2) 
b. Aerosol Extinction Coefficient Subfunction 
It computes the aerosol extinction coefficient 
for a particular height as a function of surface wind speed 
(m/sec), relative humidity, horizontal visibility (Kn), 
altitude (Km) and wavelength (um). The transmittance model 
included as a part of the UFLR program was developed by Katz 
B. (1979). (See Figure 2.3) 
c. Effective Earth Radius Subfunction 
It computes the effective earth radius. IR 
propagation is considered in a cylindrical coordinate frame, 
ignoring all earth curvature and refractive effects. The 
atmosphere is assumed to consist of concentric, stratified 
layers. The refractive index is considered to vary linearly 
with altitude. It requires as input data the height array, the 
aerosol extinction coefficient array and the number of 
elements of both. (See Figure 2.4) 
ad. Transmittance Subroutine 
This subroutine computes an integrated molecular 
absorber amount and an integrated extinction coefficient for 
each height level along a set of predefined rays preselected 
to provide adequate flight altitude/range resolution for the 


FLIR field of view. 
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Figure 2.2 Profile Subroutine Flowchart 
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Figure 2.4 Effective Earth Radius Subfunction Flowchart 
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After these computations, the transmittance is 
calculated for each of the flight altitude/ray pair.It 
requires aS input: the selected altitudes array, the selected 
ray launch angle array, an accumulated slant-path range over 
the incremental path of integration and the total band average 
molecular extinction. (Figure 2.5) 

e. Integration Subroutine 

This subroutine integrates the molecular absorber 
density or aerosol extinction along the ray path. The 
following inputs were required by this subroutine: Heights 
of lower and upper integration bounds, a ray's launch angle, 
a molecular absorber density array, aerosol extinction 
coefficient array, an interpolated value of molecular density 
or aerosol extinction, the effective earth radius’ and 
integration increments of range over the slant-path. (Figure 
Det6)) 

f. Index Subfunction 

This auxiliary subfunction finds the first element 
of an array greater than a specified value and determines the 
corresponding array index number. It uses as input: the 
environmental height array, an integration height and the 


specified environmental height. (Figure 2.7) 
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gq. Power Law Subfunction 


It is used to interpolate a value between the 
elements of an array. This subfunction requires as input: 
the aerosol extinction coefficient array, the molecular 
absorber density array, an environmental height array, an 
integration height and an array index number. 

h. Taylor Series Subroutine 

This subroutine computes the Taylor. series 
expansion about the midpoint of an integration interval, thus 
determines an incremental integration amount. The input to 
this subroutine were the left and right height interval 
limits, the corresponding integrand values and the effective 


earth radius. (Figure 2.8) 


i. Total Band Average Molecular Extinction 
Subfunction 


It computes the molecular absorber density and 
the total band averaged molecular extinction equation by 
calculating the transmittances for several slant paths. 
(Figure 2.9) 

j. Performance Subroutine 

This subroutine calculates a 0.5 probability of 
detection of a particular sized target by a FLIR system 
expressing it in terms of range for a specific flight 


altitude. 
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Figure 2.8 Taylor Series Subroutine Flowchart 
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This subroutine requires as input: the selected 
flight altitude array, the number of targets, the dimensions 
of the targets (length and height), the target to background 
temperature differences, the minimum detectable temperature 
difference, the transmittance array, the slant-path array and 


a detection range. 


k. Minimum Detectable Temperature Difference 
Subfunction 


It computes the MDTD associated with the 
FLIR/target combination. This subfunction has as input the 
length and height of the target, the slant-path range from 
the FLIR to the target and the FLIR system characteristics. 
CEigure 2.10) 

1. Display Subfunction 

This subfunction displays the detection, 
classification and identification ranges for each flight 
altitude. It requires as input: the surface wind velocity 


and the horizontal visibility. 


D. STATISTICAL ANALYSIS 
1. Test for Normality 
The actual atmospheric profiles were dithered for 
different combinations of pressure, temperature and relative 
humidity standard deviations simulating random atmospheric 


variations. 
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(MDTD) Subfunction Flowchart 
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Processed by the UFLR program, the dithered profiles 
gave different performances for each of the four target sizes 
(range vs flight altitude). The population distribution of 
the data collected was analyzed using the MINITAB program of 
the Naval Postgraduate School's main frame. A numerical 
summary of the results was completed. 

2. Difference Between Means 

a. Single Factor Analysis of Variance 

When the output of the UFLR program was 
graphically displayed by the program UFLRPLT, the variance of 
the dithered performance was given ina form of spread curves 
within the actual predicted performance. 

After determining that the population distribution 
of the dithered profiles was normal, the FLIR predicted 
performance for the actual radiosonde data was compared to the 
performance obtained for the simulated data by applying a one- 
way analysis of variance (ANOVA), to the data sampled from 
both populations. 

An F-test statistic at a 0.05 significance level 
(a), was performed to determine if both populations had a 
common mean value (actual mean = Simulated mean). 

b. Difference Between Means 

A second analysis was performed by taking three 
testing points (three different height levels), and applying 
a two-sample t test. A 95% confidence interval for the 


Gifference between the two means was calculated. 
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For a normal population, the probability of an 
observed value within three standard deviations (30) of the 
mean (#1) is equal to 0.9974. By using the standard deviation 
values obtained from the experimental section, one could 
estimate a spread in nautical miles within which the range for 
detection, classification and identification of the same 
target about the predicted values for a selected operational 
flight altitude could be located with a given level of 


confidence. 
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IIIT. EXPERIMENTAL PROCEDURE 


A. THE FLIR PERFORMANCE PREDICTION BY THE UFLR MODEL 

The UFLR model used for this research was the P.C. version 
by John Cook (September 1987), which was modified for the 
Naval Postgraduate School main frame computer system (Appendix 
i). 

The inputs for the UFLR model are the radiosonde data 
(pressure, temperature and relative humidity), aerosol 
parameters, FLIR system parameters, target parameters and the 
effective temperature differences (AT). 

It is important to mention that the FLIR system parameters 
used are not those of operational systems, since this is 
classified information. 

The output of the model is expressed in terms of flight 
altitude (feet) versus maximum range (nmi) for the detection, 
classification and identification of different sized targets. 

The output can be graphically displayed by plotting the 
above values. The graph in Figure 3.1 shows an example of a 
typical UFLR output. This graph consists of three curves 
corresponding to the identification, classification and 


detection for each target. 
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B. GENERATION OF ATMOSPHERIC DATA AFFECTED BY RANDOM 
VARIATIONS 


The generation of radiosonde data affected by random 
atmospheric variations was performed using the computer 
program UFLRATM (Appendix 2). 

The actual data consisted of eight radiosonde profiles 
taken along the California coast (Latitude = 36° N, Longitude 
= 122° W), within 3 days in the spring of 1989. 

The pressure (in millibars), temperature (in degrees), and 
relative humidity (in percentage), were extracted from each 
profile corresponding to the height levels from sea level to 
28,000 ft. (for every 1,000 ft.). The eight extracted files 
were named: call, cal2, cal3, cal4, cal5, cal6, cal7 and calsg 
(see profiles in Appendix 3). The actual values of pressure, 
temperature and relative humidity of the 3 day radiosonde data 
(the 8 profiles), were averaged and observed level by level, 
in order to determine coherent standard deviation values for 
the simulation of more atmospheric profiles about the actual 
data. 


The following results were obtained: 


Max S.dev. Min. S.dev 
pressure 3.49 ta2o 
temperature 4.01 0.77 
rel. humidity 2255 7.08 


Using the information above, the following standard 


deviation values were selected for the pressure (SIGMAP), 


a4 


temperature (SIGMAT), and relative humidity (SIGMARH) : 

SIGMAP = 1.5, 2.5 

SIGMAT = 1.0, 2,0, 4.0 

SIGMARH= 8.0 

The values above, were selected considering that the 
available data was very small, from a short period of time and 
for a particular location. The objective of this thesis was 
the performance of the FLIR system at slightly different times 
and locations, and this simulation of the variation of the 
environmental parameters was based on the limited set of 
radiosonde data available. 

The range of the pressure standard deviations (SIGMAP), 
was within the range actually observed, same for the 
temperature (SIGMAT); But, in the case of the relative 
humidity (SIGMARH), the only value for which the simulated 
data did not appear unreasonable was used. 

The standard deviation values were combined in all 


possible ways (six different combinations), as shown: 


COMBINATION SIGMAP SIGMAT S IGMARH 
A 229 1.0 8.0 
B 2.5 250 §.0 
C 2.9 4.0 8.0 
D Le 1.0 8.0 
E 1 ee, 2.0 8.0 
1 gS, 4.0 8.0 


B2 


The eight extracted files call,cal2, cal3,...,cal8; were 
input to the program UFLRTRAM which dithered the actual values 
simulating the random atmospheric variations by using a 
Gaussian random number generator (0,1), multiplied by the six 
different combinations of standard deviation values of SIGMAP, 
SIGMAT and SIGMARH. 

The UFLRATM program was designed for ten (10) replications 
for each of the 6 different combinations. This gave a total 
of 60 different dithered profiles (six groups of ten) just for 
that particular file, and a grand total output of 480 
different dithered profiles (48 output files), for the 8 
California coast atmospheric files. These output files (see 


examples Appendix 4), were named as follows: 


PELE COMBINATION OUTPUT ELLE 


cal 1A 
cal 1B 
cal 1C 
cal 1D 
cal 1E 
cal 1F 


call 


YyHoOQwW PY 


cal 2A 
cal 2B 
cal 2C 
cal 2D 
cal 2E 
cal 2F 


cal2 


NHoIoOdNWw YP 


cal 3A 
cal 3B 
cal 3C¢ 
cal 3D 
cal 3E 
cal 3F 


cas 


YyHodNw SY 
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FILE COMBINATION OUTPUT 


cal 4A 
cal 4B 
cal 4C 
cal 4D 
cal 4E 
cal 4F 


cal4 


HmoOQwW Ye 


cal 5A 
cal 5B 
cal 5C 
cal 5D 
cal 5E 
cal 5F 


cal5 


HmAONQNW YS 


cal6 cal 6A 
cal 6B 
cal 6C 
cal 6D 
cal 6E 


cal 6F 


NmHoOQW YP 


Cal] cal 7A 
cal 7B 
cal 7C 
cal 7D 
cal 7E 


cal 7F 


HmHoqdw YP 


cal8g cal 8A 
cal 8B 
cal 8C 
cal 8D 
cal 8E 


cal 8F 


NHAHOCQOW LY 
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C. INPUT OF RADIOSONDE DATA TO THE UFLR PROGRAM 
1. Input of Actual Radiosonde Data to the UFLR Program 

The extracted files call, cal2, cal3, cal4, cal5, 
cal6, cal7, and cal8, without any modification, were input to 
the UFLR program. 

The predicted FLIR performances obtained from this 
actual data for the detection, classification and 
identification of a surfaced submarine (target No. 1), a 
missile corvette (target No. 2), a frigate (target No. 3) and 
a destroyer (target No. 4), served as the reference for 
further comparison purposes (appendix 5). 


2. Input of Radiosonde Data Affected by Atmospheric 
Variations 


The UFLR program was modified in order to process the 
dithered profiles obtained in paragraph B. above, in groups 
of ten (10) replications, one per every simulated profile. 

The output was 480 different predicted performances 


grouped in 48 files of ten performances each (see examples in 


Appendix 6). 
INPUT (48 files) OUTPUT (48 files) 
callA filelA 
call1B filelB 
calliF fileliF 
cal2A file2A 
cal8E filesgE 
cal8F file8sgF 


bs) 


The above output was graphically displayed by the 
program UFLRPLT (Appendix 7). The dithered performances 
appeared as a spread of curves for detection, classification 
and identification of every target and for the six different 
atmospheric variation combinations. The spread was found to 
be greatest for the detection curves and particularly for the 


largest target. 


D. TEST FOR NORMALITY 

Next, an analysis was made to determine the normal 
distribution of the spread of predicted ranges for a 
particular height level and for every target. The test was 
performed concentrating on height levels of 1,500 ft., 5,000 
ft. and 10,000 ft. and for the detection range curves, where 
the spread was widest. 

Starting with the height level of 1,500 ft. and for the 
combination A, the whole row of data corresponding to this 
height level was extracted from the dithered performances 
output files: filelA, file2A, file3A, f11e4A, file5A, £ileé6A, 
file7A and file8A. The same proceedure was followed for all 
the other combinations. The result was six arrays of 80 rows 
and 12 columns each, which were the input data for the 
normality test. Since the test was concentrated on the 
detection range data, the columns of interest of the array 


were the cl (detection ranges for target No. 1), c4 (detection 
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ranges for target No. 2), c7 (detection ranges for target No. 
3) and cl0O (detection ranges for target No. 4). 

The six combinations and three height levels gave a total 
of 18 arrays for testing purposes (Appendix 8). 

The test used [(Ref. 3; p.574], consisted of the use of 
probability plots and sample correlation coefficient (r). 
The more the r value deviates from 1, the less the probability 
plot resembles a straight line. The straighter the 
probability plot, the more plausible is a normal distribution. 

Becrrtical Value (c,) of 0.9757, for a 0.1 Significance 
level (a) was used. 

The null hypotheses (Ho): "the population is normal", is 
rejected if r<c. 


a 


The sample correlation coefficient (r) for the n pairs 


more y:)---(X_, Y,) 18 given by: 


nl SS US, — ( Ss x:) ( Sy) 
r= ee 
a | ee ey 
Neh ee NR ay Imes) 


n = 80, the size of the sample 
So = sample values ordered from smallest to largest 
y;,= sample percentile of a population distribution 


5S 
\.= cq I es 
-_ (ioe ld. 28 | 
The test was performed using the statistical MINITAB 


program. To illustrate the test for the combination A and 


meixght level sof 2,500 ft.: 
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Comments 


MTB \ READ "FILENAME* Cl - Cl2 (80 rows x 12 Cc. 
reaqd) 


MTB \ SET C13 
MTB \ LET C13 = C13 - 0.375 
MTB \ LET C13 = C13 / 80.25 
MTB \ SORT Cl Cl (orders the sample) 
1MTB \ INVCDF C13 C14; 

SUBC \ NORMAL 


MTB \ PLOT C14 Cl (probability plot) 


MTB \ CORR C14 Cl (finds r value) 


correlation of C14 and Cl (r) = 0.982 


Since r is greater than c, = 0.9757, the null hypotheses 
is not rejected and the population distribution is assumed to 
be normal. 

Continuing the same procedure for columns c4, c7, andclo, 


produced the following results (Figure 3.2): 


correlation of C14 and C4 (r) = 0.983 
correlation of C14 and C7 (r) = 0.983 
correlation of C14 and C10 (r) = 0.984 


Following the same procedure for the other five combinations, 
the results were favorable and the normality was proven for 


all cases. The summary of the results is found in Appendix 9. 
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E. DIFFERENCE BETWEEN ACTUAL AND DITHERED PERFORMANCE MEANS 

A one-way analysis of variance was performed for the data 
selected on the 18 arrays (Appendix 7). Starting with the 
height level of 1,500 ft, one could compare the predicted 
detection range values assuming the random atmospheric 
combinations as six different treatments, and the predicted 
performance for the actual data as a seventh treatment. 

The null hypothesis (Ho) stated that the means were 
identical for all the treatments (I): 

Ho = Hy, Ho sees Uy 

versus the alternative hypothesis (Ha) that at least two 
of the u's were different. 

The null hypothesis is rejected for a F 2 Fa, for a 
Significance level a of 0.05. 


The computations are summarized on the ANOVA table: 


Source of Sum of 

Variation ro ey a Squares Mean Square F 
Treatments al SSTr MS Tr—SSir/ Gn) MSTr 
Error I (J-1) SSE MSE=SSE/I (J-1) MSE 
Total B Wo fa Sei 
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where: 


ee 
SST = Total Sum of squares = Pg ne. 
i=] j=] 
I 
SSTr = Treatment Sum of squares = ay yee 
i=] 
fad 
SSE = Error Sum of Squares = ee 
Laid dash 
i=| J=| 
xX, = sum of numbers in the ith row of the table 


ae = sum of all the X;;'s 


The test was performed using the MINITAB statistical 
program, and the same procedure was followed for the other 
three targets and for the other two selected height levels of 
emooo ft. and 10,000 ft. 

In addition, a 95% confidence interval for the difference 
between the means of the performances of the actual and 
dithered radiosonde profiles was determined by the t-interval 


cer. 3): 


x= Y =e Be mene 20: Spi lym yn 


for 95% = 100 (1- a) confidence interval 
where: 


x 


sample mean of the dithered values 


M4 sample mean of the actual values 
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m = size of the dithered sample 


Size of the actual sample 


= 
ll 


m+n- 2 = degrees of freedom 
SP = pooled estimator of the common variance 


Re) | Pen? pee: 
Sy (7 + nt — 2) px: _ + 05 5 | 


é 


The above procedure was applied for the 18 files (arrays) 
tested earlier (Appendix 7). 

The output of the calculations above allowed one to 
determine the difference in nautical miles between the 
predicted ranges using the undithered radiosonde data and the 


mean predicted ranges for the dithered radiosonde data. 
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IV. RESULTS SECTION 


A. RESULTED DIFFERENCES BETWEEN ACTUAL AND DITHERED 
PERFORMANCES 
The FLIR performances predicted by the program UFLR for 
the eight actual (undithered) atmospheric profiles are shown 
in Appendix 5. The following were the predicted detection 


ranges of the four targets, for the height levels of 1,500 


fee, 5,000 ft., and 10,000 ft.: 
1. Height = 1,500 Ft. 
Target Target Target Target 
No. 1 No. 2 No. 3 No. 4 
Profile 
call 6.4 nmi. 725 nmi. 8.8 nmi. 9.0 nmi. 
cal2 oe 5 DiS 14.1 14.6 
cal3 6.9 8.0 9.5 9.8 
cal4 9.1 10.9 L323 37 
cal5 10.7 13.0 16.1 16.7 
cal6 Oe Lee 5 1533 15.8 
cal7 9.0 10.8 ee ee 13.6 
cals BOS iZ2.4 15.5 16.0 
Mean: 9.01 10.80 es eee 3265 
S.dev: a5 7 203 Ona 2 2.84 
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2. Height = 5,000 Ft. 





Target Target Target Target 

No. 1 No. 2 No. 3 No. 4 
Profile 
cali 10.8 gS 16.5 Py 
cal2 13.2 16.4 21.0 21.8 
cal3 5 is Bes. 14.1 17.8 18.4 
cal4 Ae) A By aes 2255 2354 
Cas 13.3.7 Ieee) Pde, 22.6 
cal6 Tse ie 220 23508 
cal7 WS 15.4 19.5 20s 
cals 14.5 Toe 23 aie 240 
Mean: is. 0 16.13 20.6 21.42 
S.dev: eo 1.76 2.47 2.63 





3. Height = 10,000 Ft. 


Target Target Target Target 

No. 1 No. 2 No. 3 No. 4 
Profile 
call 14.6 18.8 PAG NS, 25.0 
cal2 16.0 Zone 26.6 27.8 
cae SO 18.8 24.6 25a 7 
cal4 7.6 2i7 25.6 3 Oey 
cal5 Teese) 19.7 25.6 2600 
cal6 16.1 202.3 2012-6 27.8 
Caley 14.7 18.8 2357 24.7 
cal8 17.2 224 29.5 SURG, 
Mean: 15.75 20.05 26.16 21235 
S.dev: 0.98 JL PAS, 2-15 Pane oe 
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The following were the average of the predicted detection 
ranges of the four targets for the height levels of 1,500 ft., 
5,000 Ft. and 10,000 Ft.; obtained from the six different 
dithered atmospheric profiles (six different combinations of 


SIGMAT, SIGMAP and SIGMARH): 





Combination SIGMAP SIGMAT SIGMARH 
A 0 
B 
Cc 
D 
E eS 
F 1.5 : 0 
a. Height = 1,500 Ft. 
Target Target Target Target 
No. 1 No. 2 NO - 3 No. 4 
ave Sdev ave Sdev ave Sdev ave Sdev 
Comb. 
A 8.85 1.74 10.61 Pi Pie 12.94 2.97 132,35 Se 2 
B 8.87 a6 10.62 2.26 12.95 2.99 13.36 B24 
G 8.85 1.93 10.58 2247 12.9) 23227 Pee 32 3.42 
D 8.85 lige es: 10.60 23253 12.93 2.96 is. 54 3-0 
E 8.86 176 10.60 2.26 2285 “3 a2 1) Ay Pag Bao. 
F 8.83 1.91 10.56 2.44 12.90 3.24 13530 3.39 
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b. Height = 5,000 Ft. 
Target Target Target Target 
Noe 2 No. No. 3 No. 
ave Sdev ave Sdev ave Sdev ave Sdev 
Comb. 
A 12.77, ei LSaaos 217 20.20 3.06 20.99 3 2 
B 12.75 W166 iS Si Zen) 20-1 3.14 20.98 3238 
Cc 12.71 1.86 15.76 2.49 20.09 3.49 20.89 3.68 
D 12.73 ~ i560 154739 Ze 7 20.0125 3.05 20.92 3.22 
E 12.75 “ee5 1580! 2.23 20206 1s. 12 20.96 3630 
F 12.70 1.81 15.74 2.45 20370) 3243 20.87 3.62 
c¢. Height = 10,000 Ft. 
Target Target Target Target 
No. 1 No. No. 3 No. 
ave Sdev ave Sdev ave Sdev ave Sdev 
Comb. 
A 15.42 5933 19.39 1.87 25.566 2.76 26.44 2.93 
B 15243501. 36 19.41 1.91 25.3 0%.2e0) 26.46 2.97 
Cc 5236 0050 19.32 2.09 25425 93.07 26.34 3225 
D 15 .4 ees 3 19.37 1.86 252525 22/75 26.43 2.90 
E 15.435 ees 19.40 1.89 Z5a56 2.78 26.4 1.94 
F 15.365 846 19.32 2.06 29225) 5.03 26.07 4.06 
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Using the data above, the following were the results of 
the t-tests performed to determine 95% confidence intervals 
for the difference between the mean of the actual (undithered) 
performances and the mean of the performance obtained for 
every dithered atmospheric profile: 


a. Height = 1,500 Ft. 


Combination A 


Target No. Pooled variance Interval (nmi) 
1 172 a ee ee a. ee as 
Z Deas Thro gea wien 1.45 
3 2e95 “2.45 <AU < 1.89 
4 3.09 =2 5/7 “<A <- 1.98 
Combination B 

Target No. Pooled variance Interval (nmi) 
1 A -1.42 <Apu < 1.15 
2 PAP PAC -1.83 <Ap < 1.46 
3 Zino? -—2.45 <Ap < 1.92 
4 3) Le -2.58 <Au < 2.01 
Combination C 

Target No. Pooled variance Interval (nmi) 
1 1.91 -1.56 <Ap < 1.24 
2 2.43 -2.00 <Au < 1.58 
3 Sn 28 -2.68 <Aw < 2.07 
4 3.38 -2.81 <Ap < 2.16 
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Combination D 


Target No. 


m& WW NH Ff 


1.73 
Zea 
2.94 
3.08 


Combination E 


Target No. 
a 1 
2 2 
3 3 
4 3 


Combination F 


Target No. 


mh WN 


~ 74 
~24 
-17 
-28 


1.89 
2.41 
a. 20 
3435 


Pooled variance 


Pooled variance 


Pooled variance 
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Interval (nmi) 


-1.43 
= 15282 


ate 


<AuU < 
<i Ul EK 
—2.45 <2gn< 
<isn < 


Interval (nmi) 


= 1443 
-1.84 
SO 
maar Ali ig = 


<Apu 
< Nii 
<AuU 
<Au 


Interval (nmi) 


=. 56 
iA 8110) 
=2..67 
I ea ofa 


<Au 
<u 
<Au 
<Au 


SrA 1 es 


1.22 
1.43 
1.88 
1.96 


1.13 
1.45 
1.97 
2.04 


lage 
1.54 
2.04 
Pm; 


b. Height = 5,000 Ft. 
Combination A 


Target No. Pooled variance 
1 Dy, 
oE 2.14 
2 3.202 
+ 319 
Combination B 

Target No. Pooled variance 
If Soe! 
2 Pye aah 
3 3509 
4 B) 2 
Combination C 

Target No. Pooled variance 
1 Lee 
Dy 2.44 
3 34) 
4 a0 
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Interval (nmi) 


er 
=k: 
mee 
Sie 


40 
87 
62 
77 


<Ap 
<ALL 
<A pL 
<AU 


AN A A A 


Interval (nmi) 


=e) se NOS 


-1.94 <Au < 


Sees 


Uaioe 
=e SAG = 


Interval (nmi) 


=e. 
sa A 
=3. 
=3 


Go 
16 
02 


SI 


<A LL 
<A 
<ApU 
< Au 


ae 5m a 8 


PP FH Oo 


PRP FP 


a94 
.28 
so 
—92 


ees: 
mow 
oo 
oy 


OS 
~43 
OH: 
Le 


Combination D 


Target No. Pooled variance Interval (nmi) 
1 1.58 =1.43 cong 
Z 2.14 =. ok <i 
3 3.01 -2.69 < Au < 
4 3.18 -2.83 < Apu < 


Combination E 


Target No. Pooled variance Interval (nmi) 
1 1.62 =1.44 < Ae 
2 2) ONE -1.93 < ap < 
3 3.07 -2.69 <A < 
4 eel) =2.64 <i 2 


Combination F 


Target No. Pooled variance Interval (nmi) 
1 tbe -1.59 <An < 
2 2.40 -2.11 < Au < 
3 37.5.6 =2538 = ie 
4 3.55 =3:15 < Agee 
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0.9 

li2a 
1.74 
1.84 


0.95 
1.30 
1.82 
1.94 


1.00 
1.38 
2.58 
2.06 


c. Height = 10,000 


Combination A 


Target No. 


m WN NY 


Pooled variance 


L 
1 
2 
2 


Combination B 


Target No. 


Ea NW = 


Pooled variance 


1 
iL 


2.76 


2 


Combination C 


Target No. 


m WN NY 


Pooled variance 


W W ND F&F 


- 30 
~83 
~72 
89 


~ 34 
~o7 


~92 


~47 
~04 
~00 
Salle: 


5) 


=1.31 
=o 
-2.82 
=o ONE, 


=o 
=2.01 
=2605 
=3..01 


-1.49 
=2o3 
=3 3 
ei Bee 


<Au 
<Au 
< AL 
< AL 


<Ap 
< Au 
< Ap 
<ALL 


< AM 
< AL 
< AU 
< Au 


Interval (nmi) 


ION et TS 


Interval (nmi) 


Ie IN YN 


Interval (nm1) 


A” AeA eA 


0.60 
0.68 
ely 


- 64 
~ 74 
~23 
a29 


- -F © © 


-67 
aT} 
aA) 
0 


H- - Oo © 


Combination D 


Target No. Pooled variance Interval (nmi) 
1 L230 “1.32 <A L.< G82 
2 1.82 -2.04 <ApL < 0.63 
3 EA AG -2.82 <ALL < iis 
4 2205 -2.99 <AU < 1.20 
Combination E 

Target No. Pooled variance Interval (nmi) 
1 ache) -1.32 <AuU < 0.63 
2 1.84 -2.00 < Ap < 0.71 
3 Vp i -2.81 <Ap < 1.21 
4 2.89 -2.98 <Au < 1.275 
Combination F 

Target No. Pooled variance Interval (nmi) 
1 1.44 -1.47 <Ap < 0.64 
2 2401: —2.21 < Apu < 0.75 
3 2.96 =-3.10 < AL.< size 
4 3.94 -4.15 <Ap < 1.64 


The pooled variance is the resulted estimated value of 
the common variance for the undithered and dithered 
distributions for each of the combinations. 

Also the range interval (Aw) i1n nautical miles, 
indicates how far apart the mean of each particular dithered 
performance may appear with respect to the actual predicted 


performance mean. 
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B. ANALYSIS OF VARIANCE 

The following were the results of the F-test (for a 
= 0.05) performed on three different height levels to 
determine if the population means were the same for all of the 
performances obtained from the six random atmospheric 
profiles, and the performance obtained for the actual 


atmospheric profiles (altogether): 


oye 


a.Height: 1,500 Ft. 








Target No. 1 

Source ae f:. Sum of squares Mean Square F 
treatments 6 Leve 0.29 0.10 
error 553 1559.59 2.82 
Total 559 1561.32 

Since F was less than F,¢.,3;=2-1, Accept Ho: wl=p2=...=7 
Level N Mean St. Dev. 

combination A 80 8.856 Lo 742 

combination B 80 8.874 1.763 

combination C 80 8.850 1.939 

combination D 80 8.855 1.747 

combination E 80 8.859 i 764 

combination F 80 8.834 1.917 

actual atm 80 9.010 

Target No. 

Source 6 ae Ge Sum of squares Mean Square F 
treatments 6 2.89 0.48 0.10 
error B53 2554.00 4.62 
Total 559 2556.89 
Since F was less than Fa, Accept Ho: pl u2 = = pu7 


Level 


combination 
combination 
combination 
combination 


combination 


amon wD Pp 


combination 


actual atm 


Target No. 


Source Glieoh % 


treatments 6 


553 
Fo be) 


error 
Total 


80 
80 
80 
80 
80 
80 
80 


Sum of squares 


Mean 


10.612 
1G, org 
10.587 
10.602 
10.607 
10.569 
10.800 


O72 
4597.25 
4603.97 


St. Dev. 


2.247 
2.260 
2.470 
ee oe 
Zor 
2.446 


Mean Square 


Lelie 
8.31 


Since F was less than Fa, Accept Ho: pul = p2 


Level 


combination 
combination 
combination 
combination 


combination 


gollb 0) Me) 1G idole t= 


combination 


actual atm 


80 
80 
80 
80 
80 
80 
80 


55 


Mean 


12.946 
23907 
22.916 
12 3935 
1278.5 / 
12.904 
1 ey © 


St. Dev. 


-970 
SEM, 
5 TES 
-965 
aed Es) 
~-242 


WO W NY WW ND ND 


0. 


ae 





Target No. 4 








Source o es ae Sum of squares Mean Square F 
treatments 6 Verba s: L226 0.14 
error 553 5019.44 9.08 
Total 559 5027.01 

Since F was less than Fa, Accept Ho: wl = pw2 =...= 7 
Level N Mean St. Dev. 

combination A 80 13.356 83. 

combination B 80 13.365 3.148 

combination C 80 13.324 B46 28 

combination D 80 13.341 3.103 

combination E 80 ee 277 a0 47 

combination F 80 13.302 3.394 

actual atm 80 rs. 650 


b. Height = 5,000 Ft. 


Target No. 1 


Source 6 ae ae Sum of squares Mean Square F 
treatments 6 4.99 O.-83 0.35 
error DoS 7 6. © 2 2.49 
Total 559 1381.60 

Since F was less than Fa, Accept Ho: pl = p2 =...= p7 
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Level N Mean St. Dev. 





combination A 80 12.770 12625 
combination B 80 A227 57 1.664 
combination C 80 WZ. 7 1d 1.861 
combination D 80 £257:35 1.606 
combination E 80 12.754 1.651 
combination F 80 12.702 eo 1 1 

actual atm 80 13.000 

Target No. 2 

Source Gia t. Sum of squares Mean Square F 
treatments 6 S217 1.36 0.30 
error 553 2508.91 4.54 
Total 559 2517.08 


Since F was less than Fa, Accept Ho: pl = w2 =...= 7 


Level N Mean St. Dev. 
combination A 80 52831 22197 
combination B 80 15.821 APSA 
combination C 80 15.766 2.494 
combination D 80 15 790 2247 2 
combination E 80 1 oe 22 35 
combination F 80 153745 2.454 
actual atm 80 16.130 
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Target No. 








Source dif. Sum of squares Mean Square 13 
treatments 6 15.49 2.58 0.29 
error 553 4931.79 8.92 
Total 559 4947.27 

Since F was less than Fa, Accept Ho: wl = w2 =...= U7 
Level N Mean St. Dev. 

combination A 80 20.200 3.066 

combination B 80 ZO ly 4 3.148 

combination C 80 20.094 3.497 

combination D 80 20.126 oF 057 

combination E 80 20.164 Blo 7 

combination F 80 20.077 sea oy 

actual atm 80 20.600 

Target No. 4 

Source Cis. i: Sum of squares Mean Square F 
treatments 6 16.71 2.79 Os Zia 
error 553 5498.87 9.94 
Total 559 5515.59 

Since F was less than Fa, Accept Ho: pl = w2 =...= U7 








Level Mean St. Dev. 
combination A 80 20.995 3.240 
combination B 80 20.980 cya col 
combination C 80 20.897 3.681 
combination D 80 20.924 B22 5 
combination E 80 20.969 3.307 
combination F 80 20.876 3.623 
actual atm 80 21.420 

c. Height = 10,000 Ft. 
Target No. 

Source Gat: Sum of squares Mean Square F 
treatments 6 9.95 1.66 0.99 
error 553 O21 2 1.68 
Total 559 937.67 

Since F was less than Fa, Accept Ho: ul = L2 = p7 


Level 


combination 
combination 
combination 
combination 
combination 


combination 


actual atm 


tai ond Ww YP 


Mean 


15.421 
15.435 
1523169 
15.414 
15.436 
15.366 
15.780 


St. Dev. 


1.334 
1.369 
1.509 
ee 
1.358 
1.481 














Target No. 2 
Source det. Sum of squares Mean Square F 
treatments 6 az. 30 SO), 16s 
error 553 1808.32 3.20 
Total 559 1840.67 
Since F was less than Fa, Accept Ho: wl = w2 =...= p7 
Level N Mean St.” Dew. 
combination A 80 19.392 1.873 
combination B 80 19.414 ig 9.8 
combination C 80 19.320 2.096 
combination D 80 19.374 1.861 
combination E 80 19.402 1.890 
combination F 80 19.320 2.068 
actual atm 80 20.050 
Target No. 3 
Source oe ae Sum of squares Mean Square Ie 
treatments 6 Sv. O2 8.50 1.26 
error 53 SOO. 27 7.05 
Total 559 3961.29 
Since F was less than Fa, Accept Ho: wl = p2 = = p7 


Level 


combination 
combination 
combination 
combination 


combination 


ti O AQ wD YP 


combination 
actual atm 


Target No. 
Source Get 
treatments 6 
error 553 
Total 559 


Since F was less than Fa, Accept Ho: pl = 


Level 


combination 
combination 
combination 
combination 


combination 


3 ©) © @ 9 


combination 


actual atm 


80 
80 
80 
80 
80 
80 
80 


Sum of squares 


80 
80 
80 
80 
80 
80 
80 


Mean 


25.334 
25 Sa), 
25.5237 
25.324 
25.360 
25.297 
26.160 


Ta oT. 
4876.97 
4950.94 
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Mean 


26.449 
26.467 
26.345 
26.439 
26.475 
26.076 
27.330 


St. Dev. 


2./69 
2.813 
3.071 
2A Oil. 
Ze ol 
3.031 


Mean Square 


i. 29 
8.82 


p2 


Poe NBS, 
22978 
3.256 
2.29205 
2.948 
4.063 


St. Dev. 


ud 





C. ERROR MARGIN ON THE PREDICTED PERFORMANCES 

The earlier experimental procedure allowed one to estimate 
how far apart (in nautical miles) the real FLIR performances 
might be from the performances predicted by the UFLR model, 
due to random atmospheric variations of pressure, temperature 
and relative humidity. 

The following intervals about the actual predicted 
performance, indicate the spread within which the true range 
may be localized with a probability of 0.9974 (3 standard 
deviations), for the height levels and atmospheric variations 


shown : 


a. Height = 1,500 Ft. 


combination A B c D E F 
target No. (nmi) 
1 ate ne es PS: ate AG + 537 
Z aL aE 7 wit at a +) ae 
3 ate ate = oo ate ate + Oa 
4 ano we + 9.4 +10.3 nae + 9.9 +1 Om2 


b. Height = 5,000 Ft. 


combination A B Gc D E F 
target No. (nm1 ) 
1 ate A t5.0 + S26 "2 8 + 9. te 54 
2 + 6 ae oa mae 1. a zu + Je 
3 Eyes) * + 9.4 + 1Ors + + 9 + lOms 
4. me +10.0 +1120 x, 9. + 9. +O ne 
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Cc. 


combination 
target No. 


m WN Pp 


The following 


profile, 


detection ranges 


Height 


= 10,000 Ft. 


A 


+ I+ I+ 


I+ 


4.0 
5.61 
5.3 
8.81 


It I+ I+ 


I+ 


4.1 

5275 
8.43 
8.93 


I+ I+ I+ 


I+ 


5,000 ft. 
were calculated by averaging each of the 48 UFLR output files 


Cc D E F 
(nmi) 

4.52 t= 3.99 + 4.07 +t 4.4 

G.Zoeeneoe oo t= S267 + 6.2 

S22letewoae> + Sasa + 9.1 

S277 2t ee 1 = 8284 L12.2 


(3 standard deviations), 
levels of 1,500 ft., 


intervals about the mean of each dithered 


indicate the estimated errors on the predicted 


for the height 


(see chapter III, paragraph C.2. Also see appendix 8): 


a. Height = 1,500 Ft. 


Combination A 


FILE 


filelA 
file2A 
file3A 
file4A 
file5daA 
file6éA 
file7A 
file8A 


target No.1 


ave 


OnW DH 
Opry 


11.26 
10.17 
9 eo 
9297 


Bur 


ero 
Is S72 
i.38 
eo 
2562 
2.14 
ee Sel 
Zee 


Combination B 


File 


filel1B 
£11e2B 
file3B 
fi1le4B 
file5B 
file6B 
file7B 
file8sgB 


target No. 


ave 


5.65 
> rn 
6.48 
8.90 
11.24 
10.17 
Die 
9.61 


EEr 


2.0 

d ee 
1.68 
2057 
2202 
2257 
1.80 
2.43 


No.2 


ave 


Tome 
1039 
135 
10.64 
nS PA 
12.30 
Lee 0s 
1 he es al 


Jaen 


2.26 
2.50 
Ti. 72 
2.56 
3. Sil 
2.83 
1.92 
2.01 


No.2 


ave 


OS PA) 
10.95 
7.54 
10.66 
T3167 
12.26 
11.05 
P55 
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Err 


0.96 
2.47 
2.16 
3.00 
3.55 
PES 
Zico 
ols: 


No. 3 


ave 


8.48 
IES S) 
8.89 
12.96 
17.06 
hare 2 

13.47 
14.13 


2a5 
3.30 
2.55 
3.34 
4.67 
3 oi 
PAE 
yeas al 


No.3 
ave Err 


8.54 


13.38 
8.88 
12.96 
17.00 
15.15 
L351 
14.21 


3.65 
2.34 
2 1D 
4.09 
4.80 
3.96 
3.00 
4.21 


Err 


and 10,000 ft. The intervals 


No.4 


ave Err 


S268 
rm, 31 
SL 8, 
Eee Sis) 
17.70 
15.72 
on O 
14.59 


3.00 
3450 
2.44 
3.47 
4.87 
4.03 
Zuo 
4.17 


No.4 


ave 


8.72 
ote go 
20 
Poe 6 
Ra6S 
15.68 
iS 
14.65 


ELr 


3.76 
3249 
2.94 
4.31 
5.03 
4.17 
eee 
4.43 


Combination C 


File 


filel1c 
file2c 
file3c 
file4c 
file5c 
file6c 
file7Cc 
filesgc 


target No.1 


ave 


6.30 
9.11 
6.43 
8.89 
11.16 
10.08 
9.21 
9.62 


Err 


SINS 
3.00 
2.92 
3.93 
3.68 
3.38 
25280 
3.74 


Combination D 


file1D 
file2D 
file3D 
file4D 
file5D 
fileéD 
file7D 
filesgD 


6.18 
ede: 
6.45 
8.84 
a2 5 
10.16 
9.22 
9.61 


1.66 
1.86 
1.41 
1.83 
2.58 
2.14 
1.45 
2.09 


Combination E 


filelE 
file2E 
file3E 
file4kE 
file5dE 
file6E 
file7E 
filesgE 


6.21 
92.15 
6.45 
8.84 
11.24 
LO 713 
OZ 
9.63 


2-i7 
1.82 
1.66 
2. 2 
2.69 
2.20 
1.79 
2.41 


Combination F 


filelF 
file2F 
file3F 
file4F 
file5F 
file6éF 
file7F 
filesF 


6.24 
eee 
6.44 
8.82 
11.13 
10.06 
9.23 
9.62 


3.58 
3.00 
225) 
3.70 
3230 
3.12 
3223 
3.61 


No.2 


ave Err 


7.33 
10.93 
7.50 
10.60 
S205 
12 17 
IEE (ONS 
GE Bails: 


7.18 
10.96 

ferret: 
10.59 
13.66 
12.26 
11.07 
11.57 


7.2 
10.97 
7.54 
nO Co 
13.67 
LZw23 
11.00 
Ll. oo 


7.28 
10.96 
7.49 
10.55 
13.50 
12.13 
11.00 
a. 3 
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4.68 
3.87 
3.60 
4.93 
4.72 
4.34 
4.13 
4.72 


2.06 
Pap SS) 
1.68 
2.34 
3.43 
2./6 
ge 7h) 
2.68 


2.67 
2.38 
2.00 
2.86 
3.255 
2.84 
2.27 
3.00 


4.40 
3.74 
3.54 
4.75 
4.57 
3.97 
4.00 
4.64 


No.3 

ave Err 
8.63 5.96 
Poo os OS 
8.84 4.63 
12.93 6.54 
16.89 6.48 
15.00 5.79 
130M > O00 
14.19 6.35 
8.4272. 73 
33 9m 3 ee 
8.88 2.28 
12.07 -Bei2 
17.04 4.59 
15.14 3.78 
133253 2 . Gall 
142 3G 
8.48 3.42 
ie 34 ee oe 
8.87 2.63 
12289 3.7 
17.03 4.81 
[5 .123. —3 oe 
13.57 3.60 
14.24 4.00 
8.57 S277 
13.39 5.00 
8.85 4.46 
12765) 0.22 
16.83 6.26 
15.00 5.66 
1254. 5.50 
14.21 6.16 


No.4 


ave 


8.84 
13.79 

9.04 
113.306 
17.47 
15.98 
13.95 
14.64 


8.63 
13785 
Up 
13.27 
17.62 
PS. OF 
13 O77 
14.62 


8.68 
13.83 
7.00 
12). 310 
17.65 
15.63 
14.00 
14.71 


8.76 
13.82 
9.05 
13.25 
17.41 
i 50 
13.96 
14.68 


Ber 


6.19 
5.47 
4.81 
6.85 
6.77 
6.14 
3.82 
6.63 


2./6 
are 7! 
2.34 
Bec 7 
4.80 
4.00 
2. 
34257 


Bye 28, 
3.32 
2245 
3.88 
5.00 
4.00 
3.19 
4.29 


5.96 
522g 
4.65 
64953 
6.47 
a ee) 5, 
5.74 
6.48 


Combination A 
target No. 


File 


filelA 
file2a 
file3A 
file4a 
file5A 
file6A 
file7A 
filesgAa 


Combination B 


filel1B 
file2B 
file3B 
file4B 
file5B 
file6éB 
£fi1e7B 
filesB 


Combination C 


filel1c 
file2c 
file3c 
file4c 
file5c 
file6éc 
file7c 
filesc 


Combination D 


file1D 
file2D 
file3D 
£1134D 
file5D 
file6éD 
file7D 
filesD 


ave 


10.63 
12.60 
10.78 
13 
14.54 
13.82 
12.02 
13.44 


10. 
12. 


45 


10.47 
12.49 
IAG 
~45 
Sed 
Sal! 
neZ 
-41 


Oso 
12.62 
10.78 
13.44 
14.52 
aC a = 
r2eo 2 
13.46 


b. Height = 5,000 Ft. 


jee 


4.09 
2.59 
2.29 
37> 
2.50 
2.44 
Para ek 
3.36 


3.60 
2203 
292 
3.45 
2070 
2.65 
2.42 
50 


4.95 
3.84 
32299 
4.46 
oO 
3.42 
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4.49 


Zao 
2.46 
2.42 
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2.42 
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17.24 
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NES dee, 
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Os 7 


2.735 
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15.88 
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Sree 1 
17.24 
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Bry 


5.593 
3.43 
SoZ 
4.34 
3.45 
3.47 
2.80 
4.72 


-80 


- 00 
-68 
-81 
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OWWW fh W 


04 


62 


-40 
~ 00 


Ai) tsi 
64 
222 


AP fF LOOM OV 


No.3 

ave Err 
Foe.23 7.68 
19.89 4.92 
16.47 4.78 
Z1.48 6.13 
23.60 5.00 
Bows “5.00 
20.25 4.00 
Ze OO. 6 7. 
15.90 6.68 
19.89 4.95 
16.49 5.42 
24249 °6..52 
23260). 5.32 
2295.26 
20.28 4.48 
254 74.46 
hoe: 9.22 
957956, 25 
16.40 7.39 
Zila o 8.26 
23.502 6.89 
22.07 6.72 
20.24 6.54 
21.42 8.76 
bow 76 eos 0 
19.89 4.81 
16.4574 .57 
2s 9.93 
Zand 44.66 
226245 5.04 
20.28 3.95 
254 6.65 


No.4 

ave Err 
16.62 8.10 
20365. 5.15 
i7-05 5. 10 
Beco) 6451 
24.60 5.25 
23706 52.28 
21.04 4,20 
Bee) fies 
16.46 6.96 
ZO.69 5.27 
7.08 5.70 
224535 6.93 
24363 5.65 
250135, 55-59 
21.08 4.78 
22042. 7.257 
16.50 9.66 
20,98 6,57 
17.00 7.76 
Bee OO 7 O 
24.517.29 
22.99 7.12 
Zar 0356.93 
22532 9.23 
6.32 5.68 
ZOC67 5.07 
17.03 4.80 
22.26 6.24 
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2320 5° 5.72 5 
21.09 4.16 
22°42 17.04 


Combination E 


File 


filelE 
file2E 
file3E 
file4E 
file5E 
file6E 
file7E 
filesgeE 


Target Nol 


ave 


10.42 
16.63 
10.79 
13347 
14.54 
13.83 


12.88 


13.47 


Combination F 


Err 


3.42 
205 
2.74 
3.28 
2.69 
2225 
2eo2 
3.50 


filelF 10.45 4.74 
file2F 12.58 3.26 
file3F LO. 763.67 
file4F 13.40 4.26 
fileSF 14.49 3.39 
file6F bom © 3.27 
file7F 12.82 3236 
filesF 13.39 4.34 
c. Height 10,000 Ft. 
Combination A 
File target No.1 
ave iets 
filelA 13.92 3.86 
file2A 1524 2.997 
file3A 13.94 3.07 
file4A 16.31 2.96 
file5A L6277 Je7S 
file6éA P6cL> 2. LO 
file7A >. £6 16h 
file8gA 15.83 34:39 
Combination B 
filelB 13.95 4.23 
file2B 15.25°2.48 
file3B 13.93 3.34 
file4B 16.31 3.14 
file5B 16.79 1.76 
fileéB 16.15 22-25 
file7B 15.19 1.92 
filesgB 15.90 3.46 
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15.64 
13.20 
16.73 
18.27 
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16.79 


oped 
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16.65 
Pons 
17.17 
15.88 
16.68 


Piet 
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3.44 
3.79 
4.52 
Sys feval 
3.65 
a 29 
4.90 


6.40 
4.29 
DemleZ 
5.68 
4.75 
4.60 
4.57 
6.03 


No.2 
ave Err 


Ay) S SKe) ley (0.10) 
19709 "3.75 
17.38, 4.07 
20.63 4.65 
21.277 2.596 
20.37 3.34 
18.96 2.46 
20.06 5.24 


17.42 
19.09 
LS 
20.62 
Zl e 
20.38 
18.98 
20.07 
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5.63 
3.58 
4.38 
4.69 
2.68 
3.40 
z./0 
9.30 


Ave 


15.84 
19.92 
16.47 
21.42 
23.61 
Zeck7 
20.32 
21.56 


Lowe 
19783 
16.40 
PAA RE, 
23.49 
22.06 
20.26 
21.44 


No.3 
Err 


6.26 
4.81 
Jal 
6.33 
ole 6) 
5. 5 
4.52 
7.00 


8.87 
6.11 
Tee 
7.93 
6.61 
6.50 
6.39 
8.48 


No.3 


ave 


22.45 
24.90 
22.38 
2709 
28.05 
26.75 
24.69 
26.36 


22.54 
24.92 
22237 
27.08 
28.07 
26.76 
24.74 
26.38 


Err 


7.47 
5116S 
S219 
6.97 
3287 
5.09 
3.73 
1299 


8.35 
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62 OF 
6.98 
4.04 
Ieee 
4.07 
8.03 
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16.40 
20.71 
17 20m 
22.28 
24.63 
23507 
21.14 
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20.60 
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22.16 
24.47 
22.979 
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22433 


Err 


6.72 
5.09 
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6.67 
5.65 
5.49 
4.80 
7.44 


9.32 
6.46 
7.42 
8.36 
7.06 
6.87 
6.75 
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ave 


23.41 
26.00 
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28.30 
2955 
21.95 
29.75 
27.54 
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Zoe 
23.32 
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29.34 
27.3938 
25. Ou! 
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Ws 2, 
6.02 
6.58 
7.44 
4.20 
5.41 
32392 
8.54 


8.82 
53D 
6°96 
7.47 
4.37 
5.49 
4.25 
8.54 





Combination C 


File Target No.1 No.2 
ave Err Ave Err 
file1C 13.93 5.37 17.42 7.42 
file2C 15.17 2.81 19.00 3.92 
fPVesC seGibed. li4uelly 25 5.40 
file4C 16.23 3.60 20.50 5.20 
file5C 16.72 2.26 21.21 3.41 
file6éC 16.08 2.74 20.27 4.06 
file7C 15.14 2.68 18.94 3.72 
filesC 15.83 3.94 19.97 5.81 
Combination D 
fileiD 13.88 3.71 @illeses4 so 
file2D 15.24 2.52 19.08 3.70 
file3D 13.93 3.00 17.36 3.90 
file4D 16.27 3.03 20.56 4.59 
file5D 16.75 1.68 21.26 2.63 
file6D 16.14 2.20 20.36 3.41 
file7D 15.171.76 18.97 2.55 
file8D 15.93 3.34 20.07 5.10 
Combination E 
filelE 13.90 4.13 17.38 5.40 
mile2pwel>.26-2.45° 19.12: 357 
petesr 13595 3.15 17.37 4.12 
file4E 16.30 3.01 20.58 4.61 
file5E 16.79 1.76 21.29 2.63 
file6E 16.17 2.23 20.37 3.43 
file7JE 15.19 1.93 19.01 2.77 
file8E 15.93 3.39 20.10 5.20 
Combination F 
file1lF 13.92 5.18 17.37 7.01 
file2F 15.16 2.76 19.02 3.92 
file3F 13.87 4.02 17.28 5.30 
file4F 16.213.41 20.49 5.10 
file5F 16.71 2.22 21.19 3.27 
file6F 16.09 2.64 20.28 4.03 
file7F 15.13 2.63 18.95 3.66 
file8F 15.84 3.88 19.98 5.73 
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No.3 

Ave Err 
22.54 10.80 
24.76 5.92 
22.27 8.03 
ZAGwo2, 7.75 
27.96 5.07 
26.59 6.10 
24.64 5.40 
26.22 8.84 
22.40 7.11 
24.94 5.65 
22835. .5298 
26.99 “7-20OL 
28.03 3.94 
26.70 ‘Dad 
24.74 3.78 
26.40 7.86 
22.47 8.00 
24.95 5.41 
22.39 6.24 
27.04 6.80 
28.07 4.04 
26. 75mm. 25 
24.78 4.11 
26.43 7.88 
22.47 10.42 
24.79 55.81 
2Zo027 3s 160 
26-2689 "-7 593 
27.95 4.90 
26.63 6.01 
24.67 5.40 
26223 8.70 


No.4 

Ave Err 
23.48 11.46 
25.84 6.20 
23.18 8.44 
28.12 8.19 
29223 5.42 
27.80 6.48 
25.70. 5.775 
27.41 9.42 
23259. 7 «D2 
26.02 5.97 
ise bow Ois 313 
26522 7.29 
29.29 4.19 
2719S 5205 
25.81 3.94 
27-98 58.37 
23.46 8.49 
26.067 5.72 
23355) 6.70 
26625. 7235 
29.34 4.37 
Z27+9s° (5454 
25.86 4.32 
27.60 8.44 
23.41 10.96 
25.89 6.11 
236.22 “8220 
28.07 8.00 
29-22" 3.26 
27.81 6.38 
25.73 5.64 
27.41 9.26 


D. GRAPHICAL DISPLAY OF THE ACTUAL AND PREDICTED PERFORMANCES 

Appendix 10 contains the plots of the UFLR predicted 
performances obtained for the different dithered atmospheric 
profiles. A graphical comparison between the actual 
(undithered) and the dithered performances by the program 
UFLR, for the detection of the four different sized targets 


is shown. 


E. CONCLUSIONS AND RECOMMENDATIONS 

It has been demonstrated that the predicted performance 
by the program UFLR is affected by random atmospheric 
variations of pressure, temperature and relative humidity, as 
a consequence of changes in the actual meteorological 
Conditions. 

The comparison of the predicted FLIR performances obtained 
from the simulated atmospheric profiles (dithered profiles), 
with the performance obtained from the actual atmospheric 
profiles (undithered profiles), allowed one to conclude that 
the detection of a given surface target for a given flight 
altitude may vary in range due to random atmospheric 
Variations. 

The plot of the dithered performances appeared as a spread 
of curves around the undithered performance. A _ normal 
distribution of the spread of predicted detection ranges of 
four different sized targets for the height levels of 1,500 


ft., 5,000 ft. and 10,000 ft. was found. 
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It is recommended before starting FLIR surveillance 
operations, to perform atmospheric simulations along with the 
radiosonde readings to estimate changes on the atmospheric 
conditions in time and position for the given operational area 
during the operation hours. 

It is also recommended that a statistical analysis be 
performed using a large number of radiosonde profiles and more 
replications for the dithered FLIR performances, otherwise the 
data used may not show the true variability. A large amount 
of data available, could improve the precision on the mean and 


the estimated error ranges about the predicted values. 
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APPENDIX 1 


COMPUTER PROGRAM UFLR 


Un 


oleke) 
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34 
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Si 


ye 
98 


&* COMPUTES FLIR SYSTEM PERFORMANCE FROM P, T, 


PROGRAM UFLR 
CHARACTER®20 INAME,ONAME 


COMMON /COMPPER/ RAC18,15),TRANS(18,15) 

COMMON /COMPPHT7 PREDHT( 15) 

COMMON “ENVIRO 2¢€55),P(55),7¢55),RH(55),VIS,HT0O,PRO, FF 
COMMON /MISCELL’7 ANGLEC18),NMAX, NRAY 

COMMON /PERFPNT’ PERFR(C3,5,15) 

COMMON /SUBPERFZ NUMHT, TDTC5),TGTX€5),TGTY(5),NUMIGT 
COMMON ZLUNITS’ LUIN, LUERR, LUOUT 

OPEN CLUERR,FILE="UFLR.OUT’,STATUS=' unknown! ) 


I0S = 0 
WRITE (€%,%) * ENTER INPUT RADIOSONDE FILENAME : ° 
READ (*,'CA)') INAME 
OPEN (LUIN, FILE=INAME,STATUS="OLD', ERR=3,10STAT=I05) 
IF CIOS. NE20) Shen 

WRITE (%,%) * OPEN ERROR ~ FILENAME MUST EXIST' 

GO TO 34 
ENDIF 
OPEN CUNIT = 


MAIN LOOP 

HK KK HK MK MMR 

DO 88 NREP = 1,10 
CALL FLIRIN CINAME, ONAME) 
CALL ATMOS CLUIN, NMAX) 
CALL PROFILE 
CALL TRNSMTA 
CALL PERFORM 
CALL MSGOUT CVIS,FF,LUOUT, INAME, ONAME) 


9,FILE ="UFFFF*,STATUS ='OLD') 


REWIND 9 
CONTINUE 
STOP 
END 


SUBROUTINE FLIRIN CINAME, ONAME) 
eS SSS SSeS e sees ssf : 


COMMON 7ZENVIROZ 2¢€55),P055),7(055),RHC55),VIS,HTO, PRO, FF 
COMMON “MISCELL7 ANGLEC18),NMAX, HRAY 
COMMON “SUBPERF/ NUMHT, TDT(5),TGTX(5),TGTY(5),NUMTGT 
COMMON “ZLUNITSZ LUIN, LUERR, LUOUT 
COMMON “FLIRPARY A1(03),A203),EX03),EYC3),CRITC3) 
CHARACTER®20 INAME, ONAME 
DO 2 i-1, 29 

WRITE (%,%) * ! 
CONTINUE 
TIRITE. CX7%)) * PR OG RAH 
WRITE (x, %) 


US Fibs 


AND RH SOUNDINGS’ 

WRITECK, *)" ENTER OUTPUT OFILE NAME = 

READCX,'CA20)') ONAME 

OPEN CLUOUT, FILE=ONAME,STATUS='NESI', ERR=99) 

GO TO 98 

WRITECX,*)* OUTPUT FILE ALREADY EXISTS! ENTER NEW NAME !° 

GO TO 97 

MRITE CX, x 

RE C4? 

rR VE C%, 2 

WRITE CLUOUT, '(C777,°! 
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HWIRITE UOUT,104) 
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UFLO0190: 





UFL00230 | 
UFL00240 
UFL00250 | 
UFL00260_ 
UFLO0270_ 
UFL00280_ 
UFL00290 
UFL00300 
UFL00310 
UFL00320 
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UFL00700 
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NUMTGT = 0 
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 ] 
ENTER RADIOSONDE LAUNCH HEIGHT (M) : ! 
.0) 00 oO wLZ 


ENTER RADIOSONDE LAUNCH PRESSURE (MB) : !° 
0 
.0) GO TO 13 

i] 


ENTER SURFACE WIND SPEED (M/S) + ° 
) GO TO 14 
s 
ENTER VISIBILITY (KM) (-1 IF UNKNOWN) : ' 
3 q 
106) 
107) HT0,PRO,FF,VIS 
9 
t 
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x FLIR PARAMETERS ay 
* x! 
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i] 
9 
ENTER Al ARRAY CAL(DET), AICCLASS), A1CID)) + ! 
(1),A102),A1(03) 
0.0 .OR. Al(2).LE.0.0 .OR. A1(3).LE.0.0) GO TO 20 
9 
ENTER A2 ARRAY (A2(DET), A2(CLASS), A2CID)) + ' 
Gr s2C2), A203) 
0.0 .OR. A2(2).LE.0.0 .OR. A2(3).LE.0.0) GO TO 21 
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BIER MEX she y eGEXCDE Ip mex Gcmns sm Ex ClD) Jian 
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A] 
ENTER EY ARRAY CEYC(DET), EYC(CLASS), EYCID)) + ' 
GO EY C2), EY(3) 
0.0 .OR. EY€2).LE.0.0 .OR. EYC3).LE.0.0) GO TO 23 
9 
109) 
m5) CAl( 1) Aga) EMG ribYGl m-1, 3) 


Jie) 


UFL00730 
UFLO0079490 
UFLO00750 


UFL008 
UFLO0820 
UFL00830 
UFLO00840 
UFL00850 
UFL00860 
UFLO00870 
UFL00880 
UFL00890 
UFLO00900 
UFL00910 
UFL00920 
UFLO00930 
UFL00940 
UFLO0950 
UFLO0960 
UFLO00970 
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UFLO00990 
UFLO1000 
UFLO1010 
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UFLO1050 
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WRITE 
MRITE 
WRITE 
MIRITE 
HMRITE 
WRITE 
HRITE 
MRITE 
HRITE 
WRITE 
WRITE 


KIRITE ¢ 


WRITE 
WRITE 
HRITE 
WIRITE 


Cx, Xx) 
(%,%) 
(X,*) 
(xX, X) 


x 
x 
x 
x 
x 
x 
x 


EINER 


READ (9,%) NUMTGT 
IF (NUMTGT.LT.1.O0R.NUMIGT.GT.4) GO TO 30 
DO 10 I=1,NUMTGT 

HIRITESCE, x) * 6 


IRI 


WIRITE 


(*,%) 
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MAONAR AHORA SOR 
mY mK K<S KKK 
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TYCT) 
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DTC I) 
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HRITE CLUOUT,111) 


WIRITE CLUOUT,103) CI,TGTXCI),TGTYCI),TDICI), F=1,NUNTGT) 


RETURN 

FURVIAT CIS,5F9. 2) 
FORMAT (7,° LEV PC MB) 
FORMAT (1X,49F9.4) 
FORMAT C7 yu HTO 
FORNAT (4F9.2) 

FORMAT (¢7,° Al 
FORMAT (7,' I TX 
END 


ENTER 
ELTAN I CDEG ©) 


TARGET DATA 


-LT.0.0) GO 1031 
t 
ENTER VARGETC"*,11,°°) HEC iach) 
fel. 0.0) GO TUms2 
| 


TARGETC'',I1, 
veer) ul 


PRO 
Ae 


SUBROUTINE ATMOSCLUIN, NMAX) 
LoS ST SSS EES SS SESS ESS S 


COMMON ZENVIROZ 
DO] 1=1,55 


Z(1) 
PCI) 
TCI) 
RHCI) 
CONTINUE 
KM KM KK 
K = ] 
DO con 


0 
0 
0 


1,5 


READ (LUIN, 'CAI1)') 


CONTINUE 


DOW59 at cg 
READ (LUIN, *®, ERR=59)Z(01),PC1),T01),RHCI) 
Z(I),PCI),TCI),RHCI) 


PRINT x, 


K = Ktl 


CONTINUE 


HMAX = K- 


RETURN 
EHD 


] 


#020) (GO LTORSS 


CEL 


TY 


FF 
EX 


NUMBER OF TARGETS TO PROCESS (I <= 4) 


ENTER TARGETC'',11,°') LENGTH (t4) 


RHC?) *) 


TOT? 


Vis) 
EY) 


2055) 7 PF Coa Coe Ru CSS eV IS Hope RO, Gt 


SUBROUTINE MSGOUT (VIS, WIND,LUOUT, INANE, ONAME) 
HHH HH HH HHH HHH HHH 
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PES SESSSSSSESSESESSSSESESESSESELSSS SESE SSSESS ESSE SS 2S SS Sy 
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ef) ee 


UFLO1450 
UFILO1460 
UFLO1470 
UFL0148 


QOQooeooo0oo0§#eooooono0qoonoo0o°00o000 


OONAUMOAWNHOOWON AU DAWA) 
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UFLO1920 
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UFLO1940 
UFLO1950 
UFLO1960 
UFLO1970 
UFLO1980 
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UFLO2000 
UFLO2010 
UFLO2020 
UFLO2030 
UFLO02040 
UFLO2050 
UFLO2060 
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UFLO2080 
UFLO2090 
UEEOa E00 
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UFLO2120 
UFLO2130 
UFLO2140 
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aM 


1000 


COMMON /“COMPPHT’ PREDHT(15 
COMMON “PERFPNT’ PERFR(3,5 
COMMON “SUBPERF/ NUMHT, TDT 
CHARACTER®20 INAME, ONAME 
CHARACTERX17 LABEL(2) 
CHARACTERX®3 CONT 
INTEGER Q 
Q = LUOUT 
CKMTOFT=3280.84 
CMPSTKNT=1.94262 
CKMTNMI=0.53961 


) 
745) 
(5),TGTX(5),TGTYC5),NUNTGT 


MepeEE(Cl) = "DET CLASS ID : 
LABEL(2) = ! CNMI) : 
fines (%,'C*® INPUT RADIOSONDE: **,A20)") IWAHE 
pesemox, °C** HIND VELOCITY: **,F6.1,1X, **KtloTs'!,5x, 
Peeve Ponty ¢ 0" *5 F621, 1X9"? *HMI 7)" ) 
WINDXCMPSTKNT, VISXCKMTNMI 
meee (Q,*(/7,** WIND VELOCITY: **,F6-.1,1X,**KNOTS'*;,7, 
x TTVASIBILITY: Thon aks HEL 370) 
WINDXCMPSTKNT, VISXCKMTINMI 
WIRITE (%,°'C'" TARGET er 9CoxX, TL 10X))'D Clo Tel nuered 
WRITE eq, °C" TARGET ee 9 CGA, 1), 10X%))°) C(I],I1=1,NUHTGT ) 
Mee (%,'C7,** ALTITUDE °*,46A17)°) CLABEL(1),1=1,NUHTGT) 
ieee (x, 'C*! FEET "®,GA17)') CLABELC2),I1=1,NUNTGT) 
WRITE (€Q,°C(7,°" ALTITUDE '°*',GA17)") CLABELC1),I=1,NUMTGT) 
Hintit (Q,'C'* FEET "',GA17)") CLABEL(2),1=1,NUNIGT) 
DO 1 Y=1,NUMHT 


NIHTCPREDHTCI)*CKHTOFT), 
CCPERFRCL,J,IXCKNINMNI,L=1,3),J=1,NUMTGT) 
NINTCPREDHTCI)DXCKNTOFT), 
CCPERFRC(L,J,1I)*CKMINMNI,L=1,3),J=1,NUNTGT) 


WRITE (€%,200) 
WRITE €Q,200) 


CONTINUE 

MIRITE (Q,'C(7)') 

WRITE (€Q,%) CHARC12) 

ibe C,*X) * ° 

WRITE (%,%) "TYPE <RETURN> TO CONTINUE '° 


READ (€%,*CA)') CONT 
RETURN 
FORMAT €2X%,15,4902X,301X,F4.1))) 
END 
SUBROUTINE TRHUSHTA 
HH HH HH HH HH HH HH HHH EH 
COMMON “SUBPERF/7 NUMHT,TDT(C5),TGTX(5),TGTYC5), NUNTGT 
COMMON ZENVIRO/HEIGHT(55),P(055),7T(055),RHO55),VIS,HT0,PRO, FF 
COMMON 7CALVALS’ AHC55), BAERO(55),EHC55),EQNUNIT(55) 
COMMON “COMPPERZ RA(Q18,15), TRANS(C18, ee, 
CONNON “COMPPNT7 PREDHT(15) 
COMMON “MISCELLZ ANGLEC18),NMAX, NRAY 
DOUBLE PRECISION SUMEH,H1,H2,RE 
REAL H(30) 
RE = FNERAD CHEIGHT, EOMUNIT, NMAX) 
DO 1000 Y =1, NNAX 
HCI) = HEIGHTCI) * 0.001 
CONTINUE 
DO 3000 I = 1, NRAY 
ANGL = ANGLECI) 
nige = 2015 
SUMEH = 0. 
Bo = 0. 
SLNTRHG = 0. 
DO 2000 J = 1, NUMHT 
He = PREDHT(J) 
CALL INTGRTE €( H1, H2, ANGL, TSR, EH, H, RE, QTY, NMAX) 
SUMEH = SUMEH + QTY 
CALL INTGRTE CH1, He, ANGL, TSR, BAERO, H, RE, QTY, NMAX) 


7g, 


C0 21070 
UFLO2180 
UFLO2Z190 
UFLO2200 
UFLO2210 
UFLOZ220 
UFLO2230 
UFLO2240 
UFLO2Z250 
UFLO2260 
UFLO2270 
UFLO02280 
UFLO2290 
UFLO2300 
UFLO2310 
UFLO2320 
UFL0Z3530 
UFLO2340 
UPDOZs50 
UFLO2360 
UFLO2370 
UFLO2380 
UFLO02390 
UFLO2400 
UFLO2Z410 
UFLO2420 
UFL024930 
UFLO249490 
UFLO24950 
UFLO02960 
UFLO02470 
UFLO24980 
UFLO024990 
UFLO2500 
UET O25 10 
UFLO2520 
UF EV2Z5 50 
UFLO2540 
UFLG2Z550 
URGES 0 
UFLO2570 
UFLO2580 
UPEOZ590 
UFLO2600 
UFLO2610 
UFLOZ620 
UFLO2630 
UFLO026490 
UFLO2650 
UFLO2660 
UFLO02670 
UFLO02680 
UFLO2690 
UFLO2700 
UFLO2710 
UFLO2720 
VEO? 30 
UFLO2740 
UFLO2750 
UFLO2760 
VEE 27.20 
UFL02780 
UFED27 90 
UFLO2800 
UFLO02810 
UFLO2820 
UFLO2830 
UFL02840 
UFLO02850 
UFLO2860 
UFLO02870 
UFLO2880 


LS ag 
_=a # 


OM 


2000 
3000 


1000 


1100 


1200 


1300 


of. ee we eee ee eee ee ee 


UFLO2890 


BS = BS + QTY UFLO2900 

TAUA = EXPC(-BS) UFLO2910 

IF CTAUA. UT.) .E-7) TAUA = 3nE—7 UFLO2920 

TAUM = FNPOLYCSUMEH) UFLO02930 

IF (TAUM.LT.1.€-7) TAUM ="1E-7 UFLO2940 

TAU = TAUM X* TAUA UFLO2950 
TRANSCI,J) = TAU UFLO2960 
SLHUTRNG = SLNTRNG + TSR UFLO2970 
RACI,J) = SLNTIRNG UFLO2980 

Hl = H2 UFLO02990 
CONTINUE UFLO3000 
CONTIHUE UFLO03010 
RETURN UFLO3020 
END UFLO03030 
UFLO03040 

FUNCTION AEROSOL CHUMIDTY,WIND, VIS,HEIGHT,NMAX, J) UFLO03050 
HEH HEH HEHEHE HHH KKK HK UFL03060 
UFL03070 

DIMENSION HUMIDTY(55),HEIGHT( 55) UFLO3080 
COMMON /“SUBAEROZ HTC 10),RHCT(C6,10),RHC5(6,10),VCT(6,10),VC5(6,10) UFLO3090 
COMMON /ZCALVALS’ AHC55), BAERO(C55),EHC55), EQUUNIT( 55) UFLO3100 
REAL BETAH( 2) UFLO3110 
REAL BESC2) VRE OSIZO 
ALT = HEIGHT(CJ) * 0.001 UFL03130 
REL = HUMIDTYCJ) UFLO3140 
IF (OCREL. Uf 23529 REL =5352 UFLO3150 
IF CHIND.LT.4.) THEN UFLO035160 
y=0.5 UFLO3170 
UFLO3180 

V = WIND - 3.5 UFLO3190 
ENDIF UFLO3200 
I = ] UFPLOU3S2Z10 
CONTINUE UFLO3220 
TP C2NOT-CALT.GE.HIC1) AND. 1 HEl10)) Coro rroc UPEO3s230 
I>= 1] + ] UFLO3240 
GOTO 1000 UFLO3250 
CONTINUE UFLO3260 
TRecI- EQ. 1) 1 = 2 UP les270 
DO 1200 K = 1,2 UFL03280 
TERM1 = RHCTC1,1) + RHCTC2,1)X*¥REL + RHCIC3, 1) *RELX*¥ 2 UFLO3290 
TERM2 = RHCTCS9,I)X*XREL¥*®3 + RHCTC5,1I)*REL¥*9 + RHCTC6,1)*XRELX*¥5 UFLOZ300 
CRT = TERM] + TERN2 UFL03310 
PERM! = VEIC1L, 1) 7 VeIc2Z, LIV £9VCics.)~ 2 UFLO3320 
TERMN2Z = VETCG, 1) ¥V¥¥3 + VCTC5,I)¥VKRXS + VCT GG is UFI 03330 
CVT = TERN] + TERN2 UFL 03340 
TERM] = RHC5(Cloloet+ RHC5( 2, ID XREL ts RHC5C3. 1) +E El exe VEE 02850 
TERM2 = RHC5(49,1)X*¥REL**®3 + RHC5(05,1)*¥REL¥*¥% + RHC5(6,I)*RELX¥5 UFIL 03360 
CR5 = TERM] + TERfI2 UFL03370 
TERMI = VC5C1,1) © VG5 (2,104 tv Gees 1 2 UFLO03380 
TERMN2 = VC5(°6,1)*¥V¥¥3 + VC5°C5,1I)¥V*¥*¥G + VC5C6,1)*V¥X5 UFLO3390 
CVv5 = TERM] + TERN2 UFLO34900 
BAVG = CVT X® CRT UFLO34910 
BETAS = CR5 ® CV5 UFLO3420 

PPeChI Ci) -tLE.) 25) THe UFL034930 

IF CI.LE.2.AND.WIND.LE.G.) BAVG = BAVG * 1.2 UFL03440 

IF (I.EQ.3.AND.WHIHD.LE.49.) BAVG = BAVG x 1.1 UFLO03450 

IF CI.LE.3.AND.WIND.GT.10.)BETAS5= BETAS5*(.954+(WIND-10.)*.006)UFL03460 
ENDIF UFL034970 
BETAH(K) = BAVG UFLO34980 
BE5(K) = BETAS UFL034990 

IF CALT.GE.4.) GOTO 1300 UFLO3500 

1 = Tae UF EOS5 io 
CONTINUE UFLO3520 
DH = HTCI+2) - HTCI+1) UPIPGss. 0 
DZ = ALT - HTICI+1]) UFLO3540 
BAVG = BETAH(1) * CBETAH(C2)/7BETAH(1))*x*CDZ/DH) UFLO3550 
BVIS = BE5(1) * (BE5(€2)/7BE5(1))*x*CDZ/DH) UFLO3560 
GOTO 1400 UFILO3570 
CONTINUE UFLO3580 
BAVG = BETAHCK) UFLO3590 
BVIS = BE5(K) UFLO03600 


76 





ole 


ole) 


aM 


1400 CONTINUE 


1000 


1100 


AEROSOL = BAVG 

IF (VIS.GT.0.) THEN 

a = AEROSOL X* (3.91/BVIS)/VIS 
IF (J.EQ.1) VIS = 3.91/BVIS 

ENDIF 

RETURN 

END 


REAL FUNCTION EXPINT CH1, H, X, IFIRST, NMAX) 


HHH HAH HHH RH KKK MK KKKR 


DOUBLE PRECISION HT,H1,H2 
INTEGER IFIRST 


REAL HO30),X(€30) 
Hly= IFIRST = 1 
PRINT %, IFIRST,1I1 
ihe CIFIRST.GT.1) THEN 
HT = CH] - HCI1)) 7 CHCIFIRST) - HCI1)) 
PRINT X, XCIFIRST),XCI1) 
AT = XCIFIRST) 7 XCI1) 
EXPINT = XCI1) & XTXXHT 
BESE 
EXPINT = X(@1) 
ENDIF 
RETURN 
END 


REAL FUNCTION FNINTRP CYIN, X, Y, I) 
HK HK HHH HHH HHH HHH HK KKK HK 


INTEGER I, I1 


REAL F, X€18), YC18), YIN 
me = I - i 
Mm S1.G)].1) THEN 
fee eeriN = Y¥CI1)) 7 CYCI) = YCII)) 
FHINTRP = XCI1) + (CXCI) - XCI1)) &® F 
BteS E 
FHINTRP = X11) 
ENDIF 
RETURN 
END 


REAL FUNCTION FNPOLY (TERM) 
PS SSSSSES SS SSCS ESE SS SSS 


DOUBLE PRECISION TERM1,TERM,A 
eR = TERMI xX 100. 


ome-) 1 ./9/763582E-10 X TERM 

A = TERM X® (A + 6.6253610E-8) 
ee= TERM X CA - 9.49287655E-6) 
A = TERM X CA + 6.2482967E-4) 
A = TERM ® (A - 4.6695454E-2) 
fmpOLY = A - 1.3993507E-2 
FHPOLY = lLOXXFHPOLY 

RETURN 

END 


INTEGER FUNCTION INDXFN CH1,H,NMAX) 
HHH HHH HIE HHH HHH HH IH EK KNX 


DOUBLE PRECISION H1,H2 


REAL HC30) 
IHNDXFN = J 
CONTINUE 


IF (€.NOT.CHCINDXFN).LE.H1] .AND. INDXFN .LT. NMAX)) GOTO 1100 
INDXFN = INDXFN + 1 

GOTO 1000 

CONTINUE 

RETURN 


END 
va 


UFL03610 
UFLO3620 
UFEUSGo0 
UFLO036490 
UFLO3650 
UFL03660 
UFL03670 
UFLO3680 
UFL03690 
UFLO3700 
UFLO3710 
UPEOS 20 
UFL03730 
UFLO3740 
UFLO3750 
UFL03760 


UFLO3830 
UFLO03840 
UFLO3850 
UFLO3860 
UFLO33870 
UFLO3880 
UFLO3890 
UFLO3900 
UFLO3910 
UP EGS 720 
VEBOS ou 
UFLO3940 
UP EOS 70 
UFLO3960 
UFLO3970 
UFLO35980 
EOS 230 
UFLO4G000 
UFLOG010 
UFLO4G020 
UFLOG030 
UFLO049040 
UFLO4G050 
UFLO49060 
UFLO4070 
UFLO4080 
UFLO4090 
UFL0O4100 
UFLO9110 
UFLO049120 
UFLO4130 
UFL04140 
UFLO4G150 
UFLO04160 
UFLO9]70 
UFLO4180 
UFLO0G190 
UFL049200 
UFLO4G210 
UFLOG220 
UFL04230 
UFLO4240 
UFLO4250 
UFLO04260 
UFLO049270 
UFLOG280 
UFLO49290 
UFLOG300 
UFLO49310 
UFL04320 


c 
SUBROUTINE INTGRIE (H1,H2,ANG, SR, X, H, RE, QTY, 
C 2 S22. 2.2.0.8. 2,8,.¢, 2.0,0,.5,.5,5,5,5): 
c 
DOUBLE PRECISION H1,H2,RE,HPERP,ASQUARE,RHOP, RHOO 
XSINT, COST, SLANTR, QH1, QH2,QHP,HT1,HIT2 
INTEGER INDXFN, IFIRST, ILAST, JP 
REAL ANG, EXPINT,HC30),X1,X2 
REAL INTG, QEXP, QTY,RP 
REAL SR, SRT, XC30) 
SRT = 0; 
QEXP = 02 
SINT = SINCANG 7 57.2958) 
COST = COSCANG 7 57.2958) 
RHOO = RE + 0.015 
ASQUARE = (SINT * RHOO) XX 2 
IFIRST = INDXFN CHI, H, NMAX) 
QH1 = EXPINT CHI, H, X, IFIRST, NMAX) 
ILAST = INDXFN (CH2, H, NMAX) 
& PRINT %, LFIRST,ILAST 
QH2 = EXPINT CH2, H, X, ILAST, NMAX) 
IF CH1.NE.0.015) GOTO 1200 
RP = -RHOO * COST 
TESCRP. LE eclroe12Z00 
RHOP = RHOO X SINT 
HPERP = RHOP - RE 
Pee CHRERE 6). 0. GOTO 1000 
HP ERP =i E=4 
1000 CONTINUE 
JP = INDXFN CHPERP, H, NMAX) 
QHP = EXPINT CHPERP, H, X, JP, NMAX) 
X1 = QHP 
HT 1 = HPERP 
DO 1100 I = JP, IFIRST 
X2 = XCI) 
HT2 = HCI) 
IF CI.EQ.1FIRST) THER 
noe 
ie = il 
ENDIF 
C 
CALL TAYLOR CHT1,HT2,RE, ASQUARE, X11, X2, INTG, 
Q@EXP = QEXP + INTG 
SRT = SRT + SLANTR 
X1 = X2 
0 OI oe! a It 
1100 CONTINUE 
QEXP = 2. ®% QEXP 
SRT = 2. % SRT 
1200 CONTINUE 
X1 = QH1 
HT 1 = Hl 
DO 1300 I = IFIRST, 1LAST 
XZ = X(I) 
HT2 = HCI) 
JF (IT.EQ.ILAST) THEN 
X2 = QH2 
HT2 = H2 
ENDIF 
C 
P CALL TAYLOR CHT1,HT2,RE, ASQUARE, X1, X2, INITG, 
QEXP = QEXP + INTG 
SRT = SRT + SLANTR 
X1 = X2 
HT1 = HT2 
1300 CONTINUE 
QTY = QEXP 
SR = SRT 
RETURN 
END 
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HIMAX) 


SLANTR) 


SLANTR) 


UFL049330 
UFILO9340 
UFLO%350 
UFL09¢360 
UFL04370 
UFLO04380 
VFLO049390 
UFL044900 
UFL09410 
UFL049420 
UFL09430 
UFLO09940 
UFLO4450 
UFLO049960 
UFL04470 
UFL049480 
UFL0494990 
VFLO4500 
UFL04510 
UFLO04520 
UFLO04530 
UFL04540 
UFL04550 
UFL049560 
UFL04570 
UFL049580 
UFLO04590 
UFLO4600 
UFLO4610 
UFLOG620 
UFLOG630 
UFLO0496490 
UFL049650 
UFLO4660 
UFL049670 
UFL04680 
UFL049690 
UFLO04700 
UFL04710 
UFL04720 
UFL047 30 
UFLO04740 
UFL04750 
UFLOG760 
UFL04770 
UFL04780 
UFLO04790 
UFL04800 
UFL04810 
UFL0G820 
UFL04830 
UFLO098490 
UFLO49850 
UFLO04860 
UFL049870 
VFLO049880 
UFL04890 
UFL04900 
UFL04910 
UFL04920 
UFL04930 
UFL04940 
UFLO04950 
UFL04960 
UFL049970 
UFLO04980 
UFL04990 
UFL05000 
UFL05010 
UFLO05020 
UFL05030 
UFL05040 


Qe 


c 
1000 


1100 


x 


SUBROUTINE PROFILE 
LESS SSSSESE SSS SSS SS SS 


LOGICAL GRID 
COMMON 7S ENVIROZ 


COMMON “CALVALSZ 
COMMON “MISCELLZ 
COMMON “LUHNITS’ LUIN, LUERR, LUOUT 

DOUBLE PRECISION HT1l 
VAPORCT,P)=(€1.00074+03.96E-6%P))*6.1121*EXPC17.502%T/(0240.974+T)) 
ame r,E,P) = TXC] .0 + 0.378*E7(P = ED) 

ABSOLUTCE,T) = E7(4.651E-3*T) 

HTO = HTZERO 


HETCHT CoS ERESSURC5SS) > TEMRCSS)SHUNIDIY CSS), 
VIS,HTZERO, PRZERO, WIND 

AnCS>), BAEROC5S5), EHCSS), EOHUMIDCS 5} 
ANGLEC18),NMAX, NRAY 


PRO = PRZERO 
DO 1000 I = 1, NMAX 

PRI = PRESSURCI) 

TA = TEMPCT) 
es - (1.0007 + (3.46E-6*fFR1))* 

GU LIZUAEXPOL7 . 502*XTA/C260 . 9fmet+ TAD) 

EA = HUMIDTYCI)XES/100.0 
Pa, = JA + 4273.15 
TSTARI = STARCTA,EA,PRI) 


IF CI1.EQ.1) TSTARO = TSTARI 


HT] = HTO + 29.286X*ALOGCPRO/PRI)XCTSTARI + TSTARO)*0.5 
IF CABSCHT1).LT.0.1) HT1 = 0 
HEIGHTCI) = HT] 
AHCI) = ABSOLUTCEA,TA) 
EQHURT ICI) = 77.53xXPRI7TA -0.093%EA + HII76 .356776 
BAEROCI) = AEROSOL CHUMIDTY,WIND, VIS,HEIGHT,NNAX, I) 


pe-96.085 * (296.07TA =- 1.0) 


ave= EP RESSURCI) — EA 
EMcl) = CEAXEXPCB) + 2.E-3*PH)7 1013.0 
FHCI) = EHCI)*AHCI)D*O.1 
HTO = HTl 
PRO = PRI 
TSTARO = TSTARI 
CONTINUE 


IF CHEIGHT(C1).EQ@.0.) GOTO 1200 


fee = TEMPCL) + 273.15 

PRL = PRESSUR(1) 

FA = VAPORCCTA] - 273.15),PR1) ®* HUMIDTY(1)*0.01 
TSTRI = STARCTAL,EA,PRI1) 

TA = TAL + .0065*HEIGHT(1) 


me CPRZERO.EQ.PRESSURCI]).OR.HIZERO.EQ.0.) THER 


st =i Sik 
EESE 
C = 149.643 ® ALOGCPRZERO/PRESSUR(1)) 


C) 


CHIZeER@w—=c.xHEIGHI C1) + 2. xXCXISIRID + C2z>*% 
TSTR1 * HTZERO 7 (2. ® C) 

1. - 4,.¥*B/AX¥2 

Eee)... wr) D =-.0. 

STR = A¥CSQRTCD) - 1.0)72.0 

ENDIF 


fo = PRZERO ®© EXPCHIZERO/(29 .286X7STR)) 

A = HTZERO + 29.286XTSTRXALOGCPRZERO/PS) 

i CA.WE.0.) FSTIR = -HIZERO 7 29.286 7 ALOGCFRZEROZPS) 

oe FS * CISTR = TAID 7 CISTR =.0.622x7TA) 

Boo = 100, * A 7 VAPORC(CTA - 273215),P5) 

NMAX = HHAX + 1 

DO 1100 I = NMAX,2,-1 
HEIGHT(I) = HEIGHTCI-1) 
AH(CJ) = AHCI-1) 
EOMUNITCI) = EOQMUNITCI-1) 
FHCI) = EHCI-1) 
BAEROCI) = BAEROCI-1) 
PResoUnGimmaur REosURCI=-1) 
TRH loa eMe Cl= 1 ) 
HUMIDTYCI) = HUMIDTYCI-1) 

CONTINUE 

HEIGHT(1) = 0. 


areOoWwWY> 


eS 


UFL05050 
UFL05060 
UFIL05070 
UFLO5080 
VFLO5090 
UFLO 
VEL 
UFLO 
UFLO 
UFEO 
UFLO 
UFLO 
UFLO 
UFLO 
UFLO5190 
UFLO5200 
UFLO5210 
UFLO5220 
Wie ils re Sab 
UWFLO52490 
VWFLO5250 
UFLO5260 
UFLO5270 
UFLO5280 
UFLO5290 
VFLO5300 
UFI 05310 
UFLO5320 
UFLO05330 
UFL 05340 
UFLO5350 
UFLO5360 
VET OSs7 0 
UFLO5380 
UFLO5390 
UFLO54900 
UFLO5410 
UFLO54920 
UFLO5430 
UFLO5450 
UFLO5450 
UFLO5%60 
UFLO54970 
UFLO5480 
UWFLO5490 
UFLO5500 
UFLO05510 
UPEUS5c0 
URES 530 
UFLO55490 
UFLO5550 
UFILO5560 
UFLO5570 
UFL 05580 
UFLO5590 
UFLO5600 
UFLO05610 
UFLO5620 
UFL05630 
UFLO5640 
UFLO5650 
UFLO5660 
UFI105670 
UFL05680 
UFLO5690 
UFLO5700 
WFLO5710 
UFLO5720 
UFLO5730 
UFLO5740 
UiPEGs7 50 
UFLO5760 


51 
3) 
5] 
51 
2) 
5} 
51 
Se 
51 


CON AU DIN HS 
e0aoococ*oeoooeoo 


1200 
C 


Be Se 


eke) 


if 


A 


HEIGHT C3) SaahetGhT C2) 
B BAERO(3) 7 BAERO(2) 
BAERO(C]) 


BAERO(2) * BXXCHEIGHT(2)7A) 


B = EHC3) 7 EHC2) 


EHC]) = EHC2) ®& BRXCHEIGHT(2)7A) 
AHC1) = ABSOLUTCA,TA) 

EOMUNITC1l) = 77.53*PS/TA - 0.043%A 
PRESSUR CID 9 ais 

TENPC1l) = TA - 273.15 

HUMIDTYC1) = RHS 

CONTINUE 


CALL PRINTI CHTZERO,HUMIDTY,PRESSUR,PRZERO, TEMP, WIND, 
& 


VIS,HEIGHT,NMAX,LUERR) 


RETURN 
END 


SUBROUTINE TAYLOR CHT1,HT2,RE,ASQUARE, 


Xl, X2, INTG, SLANTR) 


HH HE HE IE HE HE IE HE HE HE HE HE HE IE HEE HH HE EK 


DOUBLE PRECISION RHO1],RHOZ,RE,RBAR,RHOB,ASQUARE, TEMP 


¥R1,R2,DELH,SLANTR,XB,HTJ,HT2 
R 


EAL ALPHA, FBAR, FDEL2BA, FDELGBA 
REAL INTG, IT], IT2, IT3 
REAL XR,X1,X2 
DELH = HT2 - HTl 
RHO2 = RE + HT2 
RHO] = RE + HT]1 
TEMP = RHO]¥X¥2 - ASQUARE 
If CTEMP .LT. 1.0) PRINT *C** AT R1 **,3615.7)', RHO], ASQUARE, Tene 
IF (TEMP .GT. 0.) THEN 
Rl = SQRT CTEMP) 
ELSE 
Rk} = 0. 
ENDIF 
TEMP = RHOZ2¥*¥2 - ASQUARE 
IF CTEMP .LT. 1.0) PRINT *C** AT R2 **,3615.7)',RHO2, ASQUARE See 
IF CTEMP .GT. 0.) THEN 
R2 = SQRT CTEMP) 
ELSE 
R2 = 0. 
ENDIF 
SLANTR = R2 - RI 
RHOB => 0.5 ® (RHOL + RHO2) 
RBAR = SQRT CRHOB¥*¥2 - ASQUARE) 
XB = SQRT (Xl *® X2) 
XR = X2/7X1 
ALPHA = ALOGCXR) 7 CRHO2Z - RHO1) 
FBAR = RHOB * XB 7 RBAR 
FDEL2ZBA = ALPHA®*®2 * FBAR - ASQUARE * XB * (2 * ALPHA - 3 XRHOB 
¥ / RBARKX¥2)/7 RBARX®3 
FDELGBA = 5 ¥® RHOB *¥ (3 + G@ ® ALPHA * RHOB - 7 X® RHOB¥X¥2/RBARXX2 
x ) “ RBARX*¥2 
FDELGBA = 3 * CALPHA * (4 + 6 ® ALPHA X® RHOB) - FDELGBA) 7 
4 RBARKX¥2 
FDELGBA = ALPHAX®4 X*® FBAR - ASQUARE * XB ® (G4 ® ALPHAXX3 - 
x FDELGBA) 7 RBARXxX3 
ITl = FBAR * DELH 
IT2 = FDELZBA * DELH*xX3 7 24 
IT3 = FDELGBA * DELH*®*®5 7 1920 
IN TG = IJ1 + IT2 + IT3 
RETURN 
END 


REAL FUNCTION 


FREDTD €X, Y, R, A» B, EXPeEiemee 


HK HEM HH HH HH HH HH HE HE HE EH HEHE HK 


REAL EX,EY,FF,X 

DATA SQ71I 40.3779649473/7 
te CC Oe 
CN (CR ® EX 7 X) % CR % EY /Y) x0 ae? 


FF 


1.0) THEN 
80 


LU eleO 767.0 
UFLO5780 
UFLO5790 
UFLO5800 
UFL05810 
UFLO5820 
UFLO05830 
UFL05840 
UFLO5850 
VFLO5860 
UFL05870 
UFLO5880 
UFL05890 
UFLO5900 
UFEOSI9I0 
UFLO5920 
UFL05930 
UFL05940 
UFLO5950 
UFLO5960 
UFLO5970 
UFLO05980 
UFLO5990 
UFL06000 
UFLO6010 
UFLO06020 
UFLO06030 
UFL06090 
UFL06050 
UFL06060 
UFL06070 
UFLO6080 
UFL06090 
UFL06100 
UFLO6110 


UFLO6190 
UFL06200 
UFLO6210 
UFLO6220 
UF 1.06230 
UFL 06240 
UFL06250 
UFLO06260 
UFL06270 
UFLO06280 
UFLO06290 
UFLO6300 
UFL06310 
UFLO6320 
UFLO6330 
UFLO63490 
UFL06350 
UFLO6360 
UFLO6370 
UFL0O6380 
UFL06390 
UFL06400 
UFL06410 
UFL06420 
VFLO064930 
UFL064990 
UFLO06%50 
VUFLO064960 
VFLO06470 
UFL06480 


OM 


eke) 


1000 


1000 


1100 


EPS0 


m2 0'0 


KK OK 


ENDIF 
RETURN 
END 


REAL FUNCTION FNERAD CHEIGHT, 
SSS S252 222.2 5.5.5.2 2: 


EOMUNIT, NMAX) 


NMAX 
EOMUNIT(C55), 


IHTEGER 


REAL SLOPE 


HEIGHT (55), Sl, 32, 33, 54, 


= 1, NMAX 
EIGHTCI) 
EQMUNITCI) 
>) + H 
S2 + HXH 
Soet Ell 
S4 + EMH 


1000.XCNMAX*S2 - SIXSLI/CNMAX*SG - S351) 


=e 


AWN 
MN 
toi ote oak ot 


4 
CONTINUE 
FHERAD = 
RETURN 
END 


SUBROUTINE PERFORM 
JOCK 


COMMON 7PERFPRHT7 


PERERCS, 5715) 
COMMON *COMPPER’ RAC18,15), TRANS(18,15) 
COMMON “COMPPNT7 PREDHT(15) 
COMMON 7FLIRPARZ A1C3),A203),EX03),EYC3),CRITC3) 
COMMON “MISCELL7 ANGLEC18),NMAX,HRAY 
COMNON 7SUBPERF/7 NUMHT,TDTC5),TGTX(C5),TGTY(C5),NUNTIGT 


REAL TRAthDUM(18) 
REAL SHRPDETC18) 
REAL NMDTD 

REAL RADUN(18) 


DO 1400 J=1, NUNHT 


DO 1000 K=1, NRAY 
RADUMCK) = RACK, J) 
TRANDUMCK) = TRANSCK, J) 
CONTINUE 


DO 1300 M=1,NUMTGT 
DO 1200 L=1,3 
IR = ] 


CONTINUE 
DELT = TDITC(M) 


TI = DELT * TRANDUMCIR) 
R = RADUMCIR) 
MDTD = FHMDTD 
CTGTXCM),TGTYCM),R,AICLI,A2CL), EXCL), EVYCL),CRITCL)) 
SNRPDETCIR) = ALOGIOCTI’“MDTD) 
SH RPDETCIR) = ALOGIOCTI/NDTD) 
Mm CSiRBDETCER) «Lis Q200"GOTO 1150 
IR = IR + 1 
IF CIR .LE. NRAY) GOTO 1100 
CONTINUE 
PP GluR Ge )) ook = 0.0 
IF CIR .GE. 2 .AND. IR .LE. NRAY) THEN 
SR = FNINTRP €0.0, RADUM, SNRPDET, IR) 
ENDIF 
IF CIR .GT. NRAY) SR = RADUMCNRAY) 
iGecok LI. PREDHTCGJ)) SR = 0.0 
PERERCL,M, J) = SR 
CONTINUE 
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UFLO06490 
UFL06500 
UFL 06510 
UFLO6520 
UFL06530 
UFL06540 
UFLOG550 
UFLO06560 
UFL06570 
UFLO065896 
UFLO6590 
UFL06600 
UFLO6610 
UF!06620 
UFL06630 


UFLOG 
UFLO6 
UFL O06 
UFLOG 
UFLOG 
UFLOG 
UFL 06 
UFLO6 


SENN NEN NNN NS SIR RA AO 
OANANAMNOAWNHOOaANAIND 
eoeeoeeceoqQqaqnooce 


UFLOG800 
UFLO6810 
UFLO06820 
UFL06830 
UFLO68490 
UFL06850 
UFLO6860 
UFL06870 
UFLO6880 
UFLO6890 
UFLO06900 
UFLOG910 
UFLO6920 
UFL06930 
UFL 06940 
UFLO6950 
UFL06960 
UFLO06970 
UFLO6980 
UFL 06990 
UFLO7000 
UFLO7010 
UFLO7020 
UFLO7030 
UFLO7040 
UFLO7050 
UFLO7060 
UFLO7070 


0 Te dll oll eel coed eel gee oe oe oe o> Te) 
COU ONAUDWHHOWO MO 
COoooc”ooocooccoo 


130 
140 


ole) 


O 


oo) 


0 
0 


x 


CONTINUE 
CONTINUE 
RETURN 
END 


SUBROUTINE P 
22.2.2. 2.2.2.0.8.2,5,; 


CHARACTER®24 
INTEGER Q 

DIMENSION RH 
LOCAT1 = ‘FR 
TG] = 'SOUN 


~+ ++ 
mm 


ADDADD 
MMMRMRMRMAMM MMA MAMMMmMmMmMmoam 


Pmt Pt bat mt md bad bd ed fod ee eee eee fd ad SY 


—w ous one aes oe owe Oe oe ee ae Se ee oe oe 
Hh mt me yt my yy yg a ay 


ADDADADAADANDNDADD 


Te aca 
=—~ 


po 1 I 


RETURN 
FORMAT 
FORNAT 
FORHAT 
FORHAT 


E 

( HK 

( 

( 

( 
FORMAT ¢ 

( 

( 

( 

( 

( 


X 


FORMAT 
FORHNAT 
FORHAT 
FORHAT 
FORMAT 
END 


3 
] 
] 
] 
] 
I 
x 


=) 
2, 


BLOCK DATA UNI 
HE IE IE IIE IE IEE IE IO 


RINTI (2SFC,RH,P,PSFC,T,WNDSFC, VISFC,Z2,NLEV,Q) 
IEE IE IIE HOE 


LOCAT1,SNAME1, DIG] 


CHLEV),PCNLEV), TONLEV), ZCNLEVD 
OM UFLR' 
DING FILE FOR PREOS' 


LOCAT] 
DTG] 


WNDSFC 
VISFC 


ZSFC 
PSFC 


I,Z01),P01),TC1I),RHCI) 


EY 


, EY. ox, U') 

METERS FER SECOND FOR UIHD VELOCITY') 
KILONETERS FOR HORIZOMTAL SURFACE VISIBILITY') 
METERS RADIOSONDE LAURICH HEIGHT") 

" MILLIBARS RADIOSONDE LAUNCH PRESSURE') 

»OX%, "2°, TEX, 'P',8Xs TU oe 

KMHK] MMM] SMR AO MHRHKO SRK SO RRK SH HR EGOKERGHRRR5O' ) 
1X5F7 1 VS 6 1 15 3XK7 5.1, 2X, Eee 


TS 
HEX 


COMMON *ZLUNITS’ LUIN, LUERR, LUOUT 


DATA LUIN/2/, 
END 


BLOCK DATA BLC 
LSS SS SESS SESS SF 


COWHMON /“MISCEL 
CONNOH ZA SUBAER 
CONNMOH /SUBPER 
COMMON /COMPPH 
DATA tIRAY 7 

DATA tItUMHT 7 

DATA HT /0 
DATA ANGLE 70 


DATA PREDHT 7 


LUERR‘37, LUOUT/10/ 


KDAT 
H HIE 


L7 ANGLE(18),NMAX, HRAY 


OY HTC10),RHCT(6,10),RHC5(6,10),VCT(6,10),VC5(6,10) 
FY HUMHT, TDIC5),TGTXC5),1TGTYC5), NUNTGT 
T7 PREDHT(15) 
18/ 
7 
0, 0.25, 0.570275, 1.0, 15 e207 2 oe eS. 
00929. ~45.9562.5 PBC.» 85.5 Seg oS oo, 
o6..5, 89., 89.25, 89.5, 89.65, 89.8, 8959,090..17 
-1524, .3048, .49572, .6096, .7620, .9144, 
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UWFLO7210 
UFLO7220 
UFLO07230 
UFLO7290 


) 
— 
= 
S&S 
ba | 
N 
LS 
S 


WANN WRN AND 
WAN OW ONDA 
qoooooce 


UFLO73490 
UFLO7350 
UFLO7360 
UFI07370 
UFLO7380 


UFLO7470 
UFI07980 
UFLO7990 
UWFLO7500 
UFLO7510 
UWFLO7520 
UFLO7530 
UFLO7540 
UFLO7550 
UFI.07560 
UFLO7570 
UFLO7580 
UFLO7590 
UFLO7600 
UFI07610 
UFLO7620 
UFLO7630 
UFIL076490 
UFLO7650 
UFLO7660 
UFLO7670 
UF L07680 
UFLO7690 
UFLO7700 


UFLO7810 
UFLO7820 
WFLO7830 
UWFLO7890 
UFLO7850 
UFLO7860 


X 1.0668, 1.2192, 1.5240, 2.2860, 3.0480, 4.5720, 6.0960, UFLO7930 
X 7.6200, 9.149407 UFLO794@ 
DATA RHCT / UFLO7950 
* -2.45940Et00, 2.31733E-01, -8.42434E-03, 1.49617E-0G4, UFLO@7960 
x -1.29971E-06, 4.43136E-09, -1.86198E+00, 1.75467E-01, UFLO7970 
memo..o/JO1E-03, 9, 35) 2E-0478) 5-9 .645/77E-07; 3.35632E-09, UFLO7980 
hee 9252296700, 1.396935E-01%5 -4.90G91E-03, 8.70970E-05, UFLO79F0 
meee DOG2IE-O07, 2.5/831E-09, —-] .111956+00, 1.0497549E-01, UFLOSOOD 
* -3.80769E-03, 6.761046E-05, -5.87156E-07, 2.00119E-09, UFLO8OLG 
~Z -6./1668E-01, 8.21378E-02, -2.98632E-035, 5.30380E-05, UFLOSO2E 
PmeoU/USG-0/se el. 57 05le-09, —5,727756-01, 5.39713E-02, UFLO8030 
Beem Oe S4E-03, 5.98527 E-05, ~-3.02/495E-07, 1.03202E-09, UFLO8040 
Peer SIIGE=0), Ss. 919TSZE-02,.  -1-462486E-03, 2.53035E-05, UFLO8058 
pec 97 O5E-07, 7.48903E-10;, -3.30701E-01, 3.11932E-02, UFLO&8060 
ode I S1LISE-03, 2.00957E-05, -1.74G680E-07, 5.94448E-10, UFLO8070 
eee OSI1Z0E-01, 2.66638E-02, -9.69172E-06, 1.72068E-05, UFLO08080 
eee 9790 1E-07, 5.09007E-10, -2.464625E-01, 2.320497E-02, UFELO8090 
m —=8.935381E-09, 1.99715E-05, -1.29969E-07, 4.492687E-107 UFLO8100 
DATA VCT 7 UFLO8110 
* 3.86190E-02, 1.31683E-01, -5.17218E-02, 1.06845E-02, UFLO8120 
as 162 5SE-0G,  2.326358E-05, G6 2O55e Ue, ) I SIS S55E-O0l, UFL08130 
a>. 19959E-02, 1.06615E-02, -8.12327E-04, 2.30867E-05, UFLO814¢0 
feet. OZ555E-01, 1.29651E-01, -5.13495E-02, 1.049779E-02, UFLO08150 
tee 9/1 2766-09, 2.26217E-05, LoS 99°TE-01). 712961 35E-01, UFLO8160 
Peet 4/S85E-O02, .1].00658E-02, -7.65523E-049, 2.17177E-05, UFLO8170 
eee 0G277E—-Ol> 1.19998E-01, -G4.77106E-02, 9.63302E-03, UFLO08180 
BmeercoSo7E-O2Z2, 8.,496758E-03, -6.37369E-04, 1.79116E-05, UFLO8200 
M5. 03393E-01, 8.60082E-02, -3.45636E-02, 6.75406E-03, UFLO8210 
eae 05127E-04, 1.461102E-05, 6 GU/GOUE~0T;, 6.119352E-02, UFLO8220 
pmeee4o06/E-02, 4.78597E-03, -3.57129E-06, 9.95953E-06, UFLO8230 
cero DOO07E-O1l, G.19I189E-02, -1.68488E-02, 3.20705E-03, UFLO08240 
eee 51 S54GE-04, 6.5/7239E-06, SecsiZ2Z0e-0l, Leq2l775-02, UFLO8250 
feo OF ILIE-O0S, L.10629E-03, -8.23232E-05, 2.290G0E-06/7 UFLO8260 
DATA RHC5 7 UFLO8278@ 
Peeeeeo9595EtT00, 6.59361E-01, -2.39796E-02, 4.26102E-04, UFLO8280 
*¥ -3.70361E-06, 1.26383E-08, -6.00926E+00, 5.70437E-01, UFLO829CG 
PemorU/OSLE-O2, 3.68912E-09, -3.20778E-06, 1.09499E-08, UFL 08300 
Meret odo5Et00, %5.15297E-Ol, -1.87411E-02, 3.33003E-06, UFLO8310 
mee OOG0S5E-06, 9.87226E-09, —-4.95916E+00, 4.69856E-01, UFL08320 
pect 7 0866E-02, 3.035566-09, -2.63765E-06, 8.99549E-09, UFLO8330 
Zee OOUSU0ET00, 4.90152E-01, -1.59982E-02, 2.84052E-04, UFL08340 
* —-2.496658E-06, 8§.40612E-09, -G.27954E100, 4.03999E-O01l, UFLO8350 
meelendto7 90E-02, 2.60517E-04, -2.26116E-06, 7.70140E-09, UFLO8360 
pee onUG1oOEtO0, 3.81728E-01, -1.38689E-02, 2.496133E-04, UFL08370 
MereoGocesUG, 7.27600E-09, -3.92516E#00, 3.70591E-01, UFLO8380 
Pmt oGGooE-02, 2.38915E-04, -2.07329E-06, 7.05968E-09, UFLO8390 
Peo o OC OGEtTU0, 3.649325E-0]1, <-1.324602E-02, 2.35020E-0G, UFLO84900 
meeceOdGClLIiE-06, 6.949847E-09, -3.81896E+00, 3.60510E-01, UFL08410 
feet OOSE-02, 2.32530E-04, -2.01835E-06, 6.87378E-097 UFLO08420 
DATA VC5 7 UFLO8430 
mee 4. 250G68E-01, 2.80934E-02, -2.55180E-05, Lee S05E-03, UFLO8440 
pment /9SE-0G, 4.53123E-06, GugIJSoTE-U1l, 2.25627E-02, UFLO8450 
peor oo59E-0G, 9.19860E-04, -1.09556E-04, 3.85300E-06, UFLO8460 
*5.75766E-01, 2.00378E-02, -1.21409E-04, 9.10420E-04, UFLO&84790 
*¥ -1.02268E-04, 3.499763E-06, 6.498294E-01, 1.82058E-02, UFLO8480 
hemo 62cG9/E-04, 8.08765E-04, -8.77535E-05, 2.96501E-06, UFLO08490 
feel oz oUE-O1l, 1.6/7557E-02, —-1.07838E-03, 7.357849E-04, UFLO8500 
mae 577 56E-05, 2.50340E-06, Sy IStée-01, 9.-56017E-03, UFL08510 
mee. 06929E-04, 4.91230E-04, -G.73987E-05, 1.58518E-06, UFLO&8520 
mec .9G962E-01l, 6.05276E-03, -4.75565E-04, 2.93650E-04, UFLO8530 
fee. 9ODU0lLE-05, 9.69720E-07, S2G5o55E-01l, 2./7/5555E-03, UFLO08540 
peer cOag2e-U5, 1.05978E-04, —-1.30613E-05, 4.63/702E-07, UFLO08550 
mee? -OS66/7E—-Ol, 1.65996E-03, <-1.01433E-096, 9.07833E-05, UFLO08560 
* -9.61/713E-06, 3.08901E-0/7, 9.90584E-0O1, -7.778496E-05, UFLO8570 
oer DoO/ SE -0G, )-1.9929/E-06, -6.92168E-0/, 3.13041E-087 UFLO8530 
END UFLO8590 
UFLO8600 

BLOCK DATA CLASDAT UFLO8610 
KKM MMHHK HK HK UFL08620 
Como ZFLIRPARZ AIC3),A2(3),EXC3),EYC3),CRIIC3) UFLO8630 
DATA CRIT7 1.0, 67.0, G00.0/ UFL08640 
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APPENDIX 2 


COMPUTER PROGRAM UFLRATM 
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YOO OOAANAAAQAAQAAQAAAAAQRARAN|ADO 


O 


GPa, 


200 
400 


600 


20 


10 


X 


x 


mK KOK 


FROGRAM UFLRATM 


aoe 2 82 2] Be! SS Sse ws we SS SS oe 
_—— wee ee mw i ee 


¥xxX PURPOSE xxx 


THE FOLLOWING PROGRAM IS USED TO SINULATE RADIOSONDE FROFILES BY 


TAKING ACTUAL PRESSURE, TEMPERATURE AND RELATIVE HUMIDITY FOR 
HeEGOnl LEVELS FROM 0 FO 28,000 FI., AND DITHERING THESE VA- 
LUES EVERY 1,000 FT. USING A GAUSSIAN RANDOM NUMBER GENERATOR. 


*¥*X VARIABLE DEFINITIONS Xxx 


NREP = THE DESIRED NUMBER OF REPLICATIONS 
SIGMAP = STANDARD DEV. APPLIED TO PRESSURE DATA GENERATION 
SIGHAT = STANDARD DEV. APPLIED TO TENPERATURE DATA GENERATION 
SIGMARH= STANDARD DEV. APPLIED TO REL.HUMNIDITY DATA GENERATION 
R = GAUSSIAN RANDOM DEVIATE GENERATOR 
PR = DITHERED PRESSURE AT A SPECIFIC ELEVATION 
fe = DITHEREDSTENPERATURE AT A SPECTFIC ELEVATION 
RE = DITHERED REL HUMIDITY AT A SPECIFIC ELEVATION 
NDATA = NUMBER OF HEIGHT LEVELS 


*¥*¥*® VARIABLE DECLARATION xxx 


REAL*8 DSEED 
INTEGER HREP,COUNT, IC, 


REAL SIGHAP, SIGMAT, SIGMAHR,PR(29),TEC29),REC29),R0120),PRESSO, 


TEMP,RELH,HEIGHT,PRES 
DATA HREP7107,COUNT/07,NDATA/297,N/07,SIGMAPZ1 .57,SIGMAT/4./Z, 
SIGMARH/ 8/7 


***% MAIN PROGRAM xx 


OPENCUNIT=10, FILE="CAL] FRE', 
OPENCUNIT=11, FILE="'CALIF OUT °, 


NDATA,N, WR, I 


STATUS='OLD') 
STATUS =SHEI) 


DSEED = 123457.D0 
DO 10 N = 1,NREP 
DO 5 J= 1,NDATA 
READ (10,%) PRCJ),TECJ),RECJ) 
COUNT = COUNT + 1 
] = 
Ee =. 0 
HEIGHT= 0. 
"ITNHTRODUCE ” HERE Tit WeTuUALS PRESSURE ATMSEA HEVEL= PRESSO’ 
MreooO= 1015.49 


WRITEC]1,200) COUNT 
mORTATC! ',°* RESULTS@OF THE REPLICATION #277135) 


WRITEC11,4900) 


FORNATC ! 22 Sa Sas = Se oe ee Ss SS a ee eS a eee eee ee ae 
Vt 
: HEIGHT PRESSURE TEMPERATURE REL HUND',/, 
v 1) 
NWR = L116 


CALL GGNHL (CDSEED,NR,R) 
DO 20 IC = 1, NDATA 


PRES) = PROIG) 4+ SIGHAP xX RC2xIl - 1) 
TEMP = TECIC) + SIGHAT * RC2XIT) 
at = RECIC) + SIGMARHX RC2¥*I + 1) 
=I +2 
PeORein 0 leeole ) REthL = 98..0 
PPOCRELA 2b 02 002RELH = Yael, 
PEGp Res Oleh hescOo senco l= PERCUIC) oui. 0 
WRITE Gry, 600) HEIGHT, PRES, TEMP, RELH 
FORMATC1X,F7.1,5X,F6.1,7X,F6.1,8X,F5.1) 
HEIGHT = HEIGHT + 1000.0 
PRESSO = PRES 
CONTINUE 


REWIND 10 
CONTINUE 
Ser 
END 
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UFLOOOIO 
UFLO0020 
UFLO00030 
UFLOO00%0 
UFLO0050 
UFLOo0GO 
UFLO0070 
UFLO00080 
UFLO00090 
UFLO01] 00 
UFLOO1I0 
UFLO0128 
VWFLO0130 
UFL00140 
UFLO0150 
UFL00160 
UFLO0170 
UFLO00180 
UFLOO190 
UFLOO200 
UFLOOZLO 
UFLOO220 
UFLOO0238 
UFL002490 
UFLOO0250 
UFLOO260 
UFLO0270 
UFIL00280 
UWFLOO0290 
UFLO0300 
UFLOO310 
UFLOO320 
UFLO0330 
UFLO0340 
UFLO00350 
UFLO00360 
UFLOO370 
UFLO0380 
UFLO0390 
UFLOO0G08 
UFLOOG1O 
UFL 00420 
UFI00%30 
UFLO004490 
UFLO0%50 
UFLO04%60 
UFL 00470 
UFLO0480 
UFL 00490 
UFLOO500 
UFtOo0510 
UFLO0520 
UFLO0530 
UFLO0540 
UFLOO550 
UFLOO560 
UPEQ0S7 0 
UFLOO580 
UFL00590 
UFLO0600 
UFL00610 
UFLO0620 
UFL00630 
UFLO06490 
UFLO0650 
UFLO0660 
UFLO0670 
UFL 00680 
UFL00690 
UFL00700 
UFLO00710 
UFLO0720 


APPENDIX 3 


UNDITHERED RADIOSONDE ATMOSPHERIC PROFILES 
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FILE: CAL] PRE FILE: CAL2 PRE Fler CAL3 PRE FILE: CALS 


MAN DOADUONOD DOWUAN UIA OUND DWN HOwWAr BG 


hm NW Oe WIN O00 O Nin 


WONG. 3S 22.6 8&6 iV celica os MGs 5. 21.7, 91 1017.0 14 
981.6 21.9 90 98 3 lee gen 65 See 19.8. 85 981.6 15 
950.2 21.8 37 9466.5 20.7 36 944.9 21.0 35 SGT 2 sec 
916.5 20.3 38 914.5 20.6 30 Gable 4 21.2526 914.9 20 
880.7 19.1 37 $85.6 se 37 Se0e5 1953 30 882.2 29 
$51.1 17.3 35 852.0 17.1 36 Co Ge 51 851.8 18 
624.0 16.2 32 S27 ele s2 Geel 915 47027 823.5 16 
CS aD | 793.7 13.4 32 790.8 13.0 30 794.5 ose 
Hoon es\2.1 27 Poe ea Ne 764.3 10.5 35 766.1 10. 
Poeeo 9.5 25 737 Oe eed) YOO Hee .s 7:6 62 B38.2 wae 
o-oo. > «(219 709.4 6.6 39 708.0 5.9 47 710.50) oe 
Soles e./ «21S 683.1 G.6 36 682.1 3.6 45 686.9 4. 
oo met: ! OCS 659.3 2.7 29 652.299 2.4) 32 658.6 Wee 
See wmee.G 87 635.9 2.2 8 655.9 0.57 3) 634.4 0 
oS an) 61100 5 6 8 609.8 -1.3 16 611.1 -0 
poets. 5 (10 587.8 -3.0 11 586.3 -3.6 20 588.1 -3. 
Seoeue —-5.c 11 565.7 -G.8 5 Boo.e —=5.8 cl 566. 5 /'=5 
544.7 -7.0 4G 5GS-lgeor 0°. 4 5G2.6 8.1 21 544.1 -7 
2227.0 -8.2 7 522-502 or, 5 413 522.2 -9.8 19 522.6 -9 
205.4 -10.8 8 502.9 -11.8 14 501. 0-11.65 12 503.1 -12 
4986.3 -12.8 11 483.8 -14.1 18 481.0 -14.1 15 482.4 -14. 
Hepioe 15.4 11 463.9 -16.9 20 461.4 -16.5 14 G63.2 —36 
poeeeecl?.2 6 445.9 -18.2 18 4435.1 -18.8 16 445.8 -19 
Hee>o “17.0 8 428.3 -20.3 8 425.3 -21.2 64 G27 25 =e0 
fel =21.8 41 G09'.5°=23..1 23 407.9 -23.4 40 als .0 =c2 
395.5 -24.3 50 393.9 -25.3 47 391.8 -25.9 16 S916, S25 
378.3 -27.1 48 377.5 -26.6 32 375.2 =28.6) 11 377.6 -27 
362.7 -29.7 42 262 OF anos 359.3 -30.2 4 362.2 -29 
347.6 -32.0 58 366 cee 4 ee 3GG,.7 =32.7 5 3466.1 -31 

FILE: CALS5 PRE FILE: CAL6 PRE PILE eat? PRE FILE: CAL8 

1015.8 14.35 100 1014.8 14.6 98 1017.5 15.1 99 1018.6 1 
weeteeelel 8635 979.9 19.8 46 984.0 14.6 80 984.0 1 
Doemomeecs.2 30 949.3 21.6 38 948.1 19.6 33 949.5 1 
Piesomrcl.6 €628 915 422159 “20 915.4 18.5 38 915.4 1 
Beaeee 20.5 23 882.2 20.4 23 Sa2-0 17.2 9036 885.5 1 
Boewe 16.8 26 851.4 18.4 33 853.0 15.8 34 852.0 1 
eer s.5 8630 221.3 16.1 30 B27 1G Ges 5 821.5 1 
fee 0 13.49 32 To 2memeeg GS. 51 joe 124039 793.4 1 
764.5 10.7 36 6G eee) 31 HOG he AC ooo 
Woo 82 «(59 736.6 8.4 39 736.1 7.0 46 754.4 
ieecmec.6 24 709.3 5.8 40 703.7. 4.698750 709.5 
coe om 4.0 6«6«(19 SoG. 2am? 9 Gel .9 1.8) 44 683.2 
Saoele 2.7 24 658.0 1.8 19 657.4 | 0 0N 29 657.4 —-0 
oes 1.2 (16 634.2 0.0 6 631.7 -1.3 36 633.6 2 
610.2 -1.0 16 609.5 -1.9 6 610.1 -2.5 16 609.3 -35 
987.0 -2.4 30 586.4 -3.4 5 586.0 -4.8 24 586.3 -4 
265.7 -4.6 37 S646 25. Saee 563.9 -7.5 28 963.9 -7 
543.7 -6.9 28 543.1 -7.2 12 543.1 -9.6 56 541.7 8 
Bee 9.2 20 521.9 -9.5 26 521.2 -11.0 85 520.7 ~10 
Ewe -11,6 41 50a G 27 500.4 -13.1 87 500.6 ~1l2 
480.6 -14.2 10 482.6 -13.7 28 481.8 -14.9 85 420.8 -15 
464.2 -15.5 19 463.2 -16.6 49 462.4 -16.5 80 462.4 —16 
445.8 -17.8 49 443.9 -18.9 68 443.0 -17.3 52 Bad salg 
428.3 -20.3 34 426.4 -20.9 74 425.2 -19.8 55 425.6 ~20 
puget -22.5 8 con le =22ms. 261 408.2 -22.1 50 408.5 ~2e 
394.1 -24.6 6 392.1 -24.8 81 392.6 -24.6 54 Se oes 
eyee’ -27.1 §& 375.7 -27.3 82 376.4 -26.8 46 376.0 —27 
362.2 -29.6 34 360.9 -29.1 68 359.7 -29.3 51 pea 
346.7 -31.6 53 56547 Silos @5 S058 See BE i Oe 
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Fl > "CARLA 
RESULTS OF THE REPLICATION # 1 16000.0 566.9 “5/7 2605 
Sie eee eS Stee se SS ses sestSssesssessz2s2 17000.0 540.6 -6.3 270 
18000.0 5444 -10.1 1 oF 8) 
HEIGHT PRESSURE TEMPERATURE REL HUNO 19000.0 505.2 “11.0 2.0 
20000.0 G84.5 “13.2 13.5 
0.0 TOUS. > 22.0 91.8 21000.0 468.1 “15.5 17,5 
1000.0 984.1 20-2 98.0 z2cu00.0 445.7 -17.8 1.9 
2000.0 953.4 21.5 19.6 23000.0 430.2 -16.9 uae 4 
3000.0 916.4 19.3 31.6 24000 .0 406.9 =—2e.7 54.2 
4000.0 S775 18.8 33,6 25000.0 397.4 -235./ 54.7 
5000.0 851.5 18.6 30.6 26000.0 379.5 -28.2 42.3 
6000.0 822.1 14.5 36.4% 27000.0 362.4 -30.6 28.2 
7000.0 790.7 15.6 30.6 28000 .0 350.0 -32.4 54.1 
8000.0 TOT.t 73.0 26.2 RESULTS OF THE REPLICATION # 4G 
9000.0 740.3 8.5 25.1] Sse 222222 SS 55-252 s25S355 56255 
10000.0 711.0 8.9 18.7 
11000.0 684.1 5.9 19.8 HEIGHT PRESSURE TEMPERATURE REL HUTO 
12000.0 663.0 3.0 220 
13000.0 639.9 1.5 13.1 0.0 1015.3 Zo .5 79.5 
14000.0 615.1 1.3 2.0 1000.0 97e 2 21.8 o5%5 
15000.0 592.1 = ees 18.5 2000.0 949.2 cers 47.8 
16000.0 567.9 -4.0 9.0 3000.0 915.4% 2..0 28.2 
17000.0 541.9 -6.0 10.6 4000.0 880.0 i 7 32.4 
18000.0 526.2 =9.¢ 2.0 5000.0 854.9 1 rere ST | 
19000.0 505.8 -11.6 3.0 6000.0 826.9 ia. 9 335.6 
20000.0 488.8 aS as Cie 7000.0 792.3 r2.9 45.4 
21000.0 G62.0 “15.3 2.0 8000.0 768.0 12.0 50.6 
22000.0 443.0 =e 5 6.8 °000.0 i572 5 8.6 25.7 
23000.0 427.4 =-19.7 eeu 10000.0 709.8 9.4 ae are | 
24000.0 G09.5 -22.1 50.7 11000.0 686.0 race 3.4 
25000.0 599.5 =25.0 47.5 12000.0 655.1 G.5 2.0 
26000.0 380.5 -26.3 50.1 13000.0 640.2 Zag 12.3 
27000.0 eee z -28.6 57.5 14000.0 610.1 -0.1 6.8 
28000.0 346.0 -31.2 41.4 15000.0 586.3 -2.4 220 
RESULTS OF THE REPLICATION # 2 16000.0 562.6 -4.] 1.8 
Safest anton = asi at ow onlin asin an ier ae = a oe ie eS Se 17000.0 543.9 -5.5 8.2 
18000.0 BZor 5 -8.8 14.8 
HEIGHT PRESSURE TEMPERATURE REL HUHND 19000 .0 503.8 -13.1 9.8 
20000.0 485.0 -12.8 11.4 
0.0 WOrs.3 25.0 39.0 21000.0 465.7 -15.1 5.1] 
1000.0 980.9 A A 4 86.3 22000.0 451.5 =o. 5 0.4 
2000.0 9496.4 20.9 54.8 <Z2000.0 G29.3 =Ss f G.2 
3000.0 919.3 202 31.4 24000.0 411.4 -22.2 42.4 
4000.0 884.1 20.8 7.5 25000.0 S755 -25.6 59.8 
5000.0 851.3 19.4 30.8 26000.0 574.6 -27.] Biadt 
6000.0 819.6 17.5 Cou 27000.0 zoey S “30.9 50.0 
7000.0 7°8.5 13.2 33.9 28000.0 347.49 Pale 67.4% 
8000.0 768.5 ee aid 34.2 RESULTS OF THE REPLICATION : ee | 
9000.0 738.6 9.3 PAP de SS == SS SS SSS SS SSS SS SS SL 
10000.0 709.8 9.3 75 
11000.0 686.0 6.7 16.2 HEIGHT PRESSURE TEHPERATURE REL HUNOD 
12000.0 655.8 6.0 2.0 
13000.0 639.3 0.3 2.0 0.0 1015.3 Glad 91.8 
14000.0 610.0 1 0 Nesec4 7 1000.0 hail AN 23.4 77.4 
15000.0 Ls 3.4 552 2000.0 oS 0. > eased 26.8 
16000.0 Boe. 9 -4.9 20.1] 5060-0 910.7 Vos < 41.2 
17000.0 543.1 -5.6 rar 4000.0 883.9 18.9 40.8 
18000.0 526.7 -9.] oo 7 5000.0 855.4 a ae | 37.0 
19000.0 507.6 =U. > 0.5 6000.0 622.5 16.2 49.4 
20000.0 491.1 -14.8 9.0 7000.0 4954 14.2 $2.5 
21000.0 G64.3 -15.9 2.0 8000.0 768.1 11.8 A Tine aes I 
22000.0 449.6 -18.4 21.0 9000.0 1492.2 7.8 20.4 
22000.0 429.7 -18.4 12.5 10000.0 71224 9.7 eo.e 
24000.0 413.7 -21.9 45.0 11000.0 Boca 6.3 11.4% 
z5000.0 535.7 -23.6 5375 12000.0 658.6 q.5 11.3 
26000.0 374.7 -27.4 G6.7 15000.0 625.5 3 Nas 7.5 
27000.0 SS -29.8 45.2 14000 .0 611.0 O73 16.7 
28000.0 -30.9 Sr 15000.0 590.8 =, 9 Zeus 
RESULTS oF THE REPLICATION % 3 16000.0 562.6 -5.5 18.4 
a a al IC 17000.0 542.3 -6.5 6.9 
18000.0 524.2 -5.3 2.0 
HEIGHT PRESSURE TEMPERATURE REL HUD 19000.0 505.9 -9.9 ee | 
20000.0 484.6 =h2s 7 rie’ 
0.0 1019.4 22.8 86.9 21000.0 G62.2 -14.7 19.6 
1000.0 985.3 22.5 87 <5 22000.0 444.7 -18.4 TS 2 
2000.0 952.6 cl. 0 25.3 23000.0 429.6 =-17.9 aZ25 
3000.0 oie ..3 2033 50.8 24000.0 411.2 -20.8 43.3 
4000.0 878.5 19.6 56.2 25000.0 i Ad ~24.6 Siu 
5000.0 852.6 17.5 39.4 26000.0 378.6 -26.4 51.8 
6000.0 825.32 5.1 14.8 2/000.0 $58.1 -2/7.2 G6.2 
7000.0 795.35 15, 2 55.5 28000.0 3493.7 -31.0 63.2 
8000.0 768.4 POS 28.0 RESULTS OF THE REPLICATION # 6 
9000.0 739.4 lp ee | rs Oe SR OR SE Ca ea ee es 
10000.0 707.3 G.2 9.0 
11000.0 684.0 6.1 17.5 HEIGHT PRESSURE TEMPERATURE REL HUHNOD 
12000.0 659.7 Se 25.9 
12000.0 634.3 536 Se 0.0 1014.8 22.6 93.3 
14000.0 613.4% -1.6 2u0 1000.0 983 ...7 20.4 98.0 
15000.0 592.0 -3.1 9.1 2000.0 949.0 20.5 15.7 
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RESULTS OF THE REPLICATION 
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HEIGHT PRESSURE TEMPERATURE 
0.0 1015.3 Ca 
1000.0 984.1 12.5 
2000.0 949.2 21.0 
3000.0 921.8 eS 
4000.0 880.9 18.7 
5000.0 848.4 16.5 
6000.0 823.0 16.3 
7000.0 777.6 1s 
8000.0 767.0 10.3 
¢000.0 742.9 10.2 
10000.0 705.0 ful 
11000.0 681.0 eee! 
12000.0 661.2 4.5 
13090.0 638.7 0.5 
14000.0 608.5 0.0 
15000.0 590.2 “4.9 
16000.0 568.1 -6.4% 
17000.0 54372 =f. 
18000.0 524.2 -8.4 
1°000.0 0 ied aoe? 
20000.0 483.0 = Lea f 
21000.0 462.1 SG). 1 
22000.0 446.0 =O. 5 
23000.0 431.9 =17.8 
24000.0 410.6 =25.7 
25000.0 396.3 =2l1.9 
26000.0 373.8 eee? 
27000.0 3599 =n 5 
28000.0 348. -31.4 
RESULTS OF THE REPLICATION # 
HEIGHT PRESSURE TEHNPERATURE 
0.0 1014.2 249.4 
1000.0 978.5 22.3 
2000.0 y=) 04 20.5 
3000.0 919.2 20.1 
4000.0 S79.7 18.6 
5000.0 851.4% 16.3 
6000.0 823.1 15.0 
7000.0 795.9 13.5 
8000.0 764.1 11.1 
2000.0 740.2 10.2 
10000.0 712.6 v> 
11000.0 683.5 la if 
12000.0 661.5 3.1 
12000.0 636.7 ey 
14000.0 609.7 0.7 
15000.0 589.8 -2.4% 
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HEIGHT PRESSURE TEMPERATURE 
00 JO1553 22.4% 
1000.0 7oo 5 22.6 
2000.0 O42 4 ocr 
3000.0 ole.5 1.5 
4000.0 878.1 18.5 
5000.0 850.7 18.8 
6000.0 819.9 15.4 
7000.0 798:.0 14.1 
8000.0 768.1 10.5 
9000.0 740.7 11.7 
10000.0 708.3 8.2 
11000.0 682-5 ore 
12000.0 65825 Le 
13000.0 638.6 1.6 
14000.0 609.1 Ome 
15000.0 LD 2) ee | =125 
16000.0 566.6 -52.6 
17000.0 541.1] =k 
18000 .0 Le UAT =7o 
19000.0 505.2 = lO a7 
<0000.0 483.5 =U2.4 
21000.0 G62.5 -lo.s 
22000.0 451.3 =19..9 
250U0.0 424.0 =i 
24000.0 410.8 <2. 0 
25000.0 Khe) fhe bee -24%.6 
26000.0 378.1] -28.2 
27000.0 362.8 =3071 
28000.0 597-0 =Ser2 
RESULTS OF THE REPLICATION # 10 
HEIGHT PRESSURE TENPERATURE 
0.0 10255 29.6 
1000.0 984.6 1°).9 
2000.0 eae ee2a5 
3000.0 o15..9 ra Ola 
4000.0 878.0 18.4% 
5000.0 854.8 15.6 
6000.0 829.9 17.8 
7000.0 796.0 15.9 
8000.0 7o7 20 11.2 
9000.0 741.0 bho © 
10000.0 708.4 ove 
11000.0 685.3 6.5 
12000.0 662.5 a0 
12000.0 635525 2.4 
14000.0 606.2 0.9% 
15000.0 589.4 -1.4% 
16000.0 5oG.s -4.2 
17000.0 5449.3 =7 oh 
18000.0 525.7 =o5 
19000.0 504.0 -11.4 
20000.0 484.4 =1359 
21000.0 471.1 =1/ 5 
22000.0 4449.3 =1e.0 
23000.0 424.8 elle i 
24000.0 411.3 =21.6 
25000.0 394.9 =24.9 
26000.0 380.] =2/7.7 
27000.0 360.1] -30.6 
28000.0 344.0 -32.49 
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RESULTS OF THE REPLICATION # 16000.0 566.9 =6:. 2 26.5 
SSSSS SS S253 55S 30SeSee3ooceoseopeooe 17000.0 540.6 -5.6 Ze) 
18000.0 531.4 -11.9 P20 
HEIGHT PRESSURE TEMPERATURE REL HUNDO 19000.0 505.2 “11.2 i2-0 
20000.0 484.5 -13.6 lo 5 
0.0 1015.3 2G> 91:8 21000.0 468.1 -15.5 17.5 
1000.0 984.1 12,5 98.0 22000.0 445.7 -18.4 1.3 
2000.0 953.4% 21.2 19.8 23000.0 430.2 -14.7 V7.7 
3000.0 916.4 18.4 51.6 24000.0 406.9 =23./ 54.2 
4000.0 877.3 18.6 Eiger 25000.0 397.4 -23.1 54.7 
5000.0 851.5 19.8 30.6 26000.0 379.5 aS 42.3 
6000.0 822.1 12.8 36.4 27000.0 362.4 =31.5 28..¢ 
7000.0 790.7 16.8 30.6 28000.0 350.0 -32. 54.1 
8000.0 767.7 14.0 26.2 RESULTS OF THE REPLICATION # 4 
9000.0 740.3 7.6 25.1 eee a eee eee ne ee a 
10000.0 711.0 9.4 18.7 
11000.0 684.1 6.1 19.6 HEIGHT PRESSURE TEMPERATURE HUMD 
12000.0 663.0 i eres 230 
13000.0 639.9 0.5 3a) 0.0 1015.3 24.4 79.5 
14000.0 615.] 2.9 2.0 1000.0 978.2 el a7 93.3 
15000.0 5e25) -0.1 18.5 2000.0 949.2 Zc.8 47.8 
16000.0 567.9 -2.9 9:0 3000.0 915.4% el.7 28.2 
17000.0 541.9 -5.0 10.6 4000.0 880.0 20.3 32.4 
18000.0 526.2 =10.2 2.0 5000.0 854.9 18.2 5.7 
19000.0 505.8 -12.4 3.0 6000.0 826.9 15.6 23.6 
20000.0 488.8 -14.3 OF we 7000.0 ESHER 11.5 45.4 
21000.0 462.0 -15.2 oo) 8000.0 768.0 11.9 30.8 
22000 .0 443.0 -17.4 6.8 9000.0 737.5 7.6 25.7 
23000.0 427.4 -20.5 20) 10000.0 709.8 10.4% aa fete | 
24000.0 409.5 -22.4 20 11000.0 686.0 8.6 3.4 
25000.0 399.3 “23.4 47.5 12000.0 655.1 G.3 des) 0) 
26000.0 380.5 -25.5 50.1 13000.0 640.2 7a 8 Ve 
27000.0 363.2 =27.5 57.5 14000.0 610.1 OF 3 6.8 
28000.0 346.0 -30. 41.4 35000.0 586.3 -2.4 2.0 
RESULTS OF THE REPLICATION # 2 16000.0 562.6 pe 1.8 
Sa Sa eS SSS Se SSeS seSsesececescec= 17000.0 643.9 -3.9 8.2 
18000.0 Ls re -9.3 14.8 
HEIGHT PRESSURE TEMPERATURE REL HUND 1°000.0 503.8 -15.4 9.8 
2couGeo.0 G2@5.0 -12.8 11.9 
0.0 1015.3 23.4 99.0 21000.0 465.7 -14.8 5.] 
1000.0 980.9 2>.8 86.3 22000.0 451.5 -19.4 0.4 
2000.0 946.4 20.1 54.8 23000 .0 429.3 -18.3 4.2 
3000.0 919-5 re OP 31.4 24000.0 Gil.¢ ae 2) 42.4 
4000.0 884.1] 22.0 37.5 25000.0 397.5 =20.° 59.8 
5000.0 851.3 21.5 30.8 <6000.0 379.6 -27.1 vas 
6000.0 819.6 18.9 2541 27000.0 361.2 =22.1 50.0 
7000.0 798.5 M1. 9 33.9 28000.0 347.4% -30.3 67.4 
8000.0 768.5 2.3 34.2 RESULTS OF THE REPLICATION # 5 
9000.0 738.6 9,] FO 4 OR RS eS Sea ee SS Se i 
10000.0 709.8 10.2 7 re 
11000.0 686.0 Tok 16.2 HEIGHT PRESSURE TEMPERATURE HUtID 
32000.0 655.8 es 2.0 
12000.0 639.3 -1.9 2.0 0.0 LOTS. 3 20.9 91.8 
14000.0 610.0 -0.2 17 1000.0 981.7 249.9 77.4 
15000.0 591.7 -4.2 15.2 2000.0 950.5 20.5 26.8 
16000.0 562.9 ~G.6 20.1 2000.0 °10.7 2.1 41.2 
37000.0 543.1 -G.2 heel 4000.0 883.9 18.6 40.8 
18000.0 Blo. 7 =O. 1 9.7 5000.0 855.4 16.9 57.10 
19000.0 507.6 =o.,0 0.5 6000.0 822.5 16.3 49.4 
20000.0 491.1 -16.8 9.0 7000.0 793.1 14.0 or. 
21000.0 G6q4.3 1G. > 2.0 8000.0 768.1 i ..5 i Des J | 
22000.0 G44 .6 -19.6 ero °000.0 742.2 6.1 20.4 
Z5000'.0 G29.7 -17.9 b aes 10000.0 712.4 1 Ra Ue 28.2 
24000.0 G13.7 -22.0 45.0 11000.0 602.7 6.79 11.4 
25000.0 395.7 =25.0 2375 12000.0 6€58.6 G.4 Pi<4 
26000.0 Sy. 9 =27.6 G6.7 12000.0 625.5 -0.1 7.5 
27000.0 367.0 =29.9 45.2 14000.0 6112.0 yao 16.7 
28000.0 397. eoo. 7 53.3 15000.0 590.8 -1.2 2e.0 
RESULTS OF THE REPLICATION # 3 16000.0 562.6 -5.9 18.4 
SO a Od oe a a 17000.0 542.3 -6.1 6.9 
18000.0 524.2 -2.4 2.0 
HEIGHT PRESSURE TEMPERATURE REL HUHMD 19000.0 505.9 -9.] rape | 
20000.0 484.6 -12.6 foe 
0.0 1014.4 251 86.9 21000.0 G62.2 -14.1 19.6 
1000.0 985.3 Z5.0 87.5 22000.0 444.7 -19.5 15.2 
2000.0 952.8 20] 25.3 23000.0 429.6 -16.7 12.5 
3000.0 ors. 5 20.3 50.8 24000.0 Gis 2 -19.8 G@3.3 
4000.0 878.5 20.6 Zo.e 25000.0 393.2 mil! Sea | 57.2 
5000.0 852.6 17.8 39.4 26000.0 378.6 -25.8 5S 
6000.0 825.2 14.0 14.8 27000.0 S56.) -~29.6 G6.2 
7000.0 723.5 16.1 35.5 28000.0 243.7 -29.9 63.2 
8000.0 768.4 8.8 28.0 RESULTS OF THE REPLICATION # 6 
9000.0 739.46 12.8 3]..] SSS SS SS Se SS eS SSS SS Se oa eae 
10000.0 707.5 8.0 9.0 
11000.0 684.0 6.5 17.5 HEIGHT PRESSURE TEMPERATURE REL HURID 
12000.0 659.7 1 Wer Ha os} 
13000.0 634.3 Lae BF (4 0.0 1014.8 2235 93.3 
14000.0 613.4 -2.8 2:0 1000.0 983.7 19.0 28.0 
15000.0 592.0 -3.7 4 2000.0 949.0 19.3 V5.7 
91 


3000.0 914.6 Ze.o 33.8 16000.0 562 az -4.5 15.9 
4000.0 880.6 Zoe 48.7 17000.0 546.0 -6.6 2.9 
5000.0 851.9 18.0 42.9 18000.0 524.8 Oe z.0 
6000.0 521.6 16.8 16.5 19000.0 504.4% “11.5 9.9 
7000.0 796.8 15.9 36.4% z0000.0 483.8 -16.6 3.5 
8000.0 Hols 7 11.5 Z6.1 21000.0 G61.7 =-15.7 5.2 
9000.0 794.1 5.9 Te. 1 22000.0 447.1 oe Me 35 .s 
10000.0 710.5 i Ne eg 2.0 23000.0 421.4% SN até 5.0 
11000.0 682.5 UA 16.5 29000.0 410.4 IG) Se 51.4 
12000.0 659.8 ©o.5 8.4 25000.0 389.7 -24%.7 48.9 
13000.0 os7, 1 5.1 2.0 26000.0 Sous =c2oe | 58.4% 
14000.0 614.3 0.7 14.0 27000.0 358.4 =26.0 449.9 
15000.0 5°0.6 -1.8 2.0 28000.0 348.7 LSE M4 58.7 
16000.0 566.4% -4.3 5.4% RESULTS OF THE REPLICATION # 9 
17000.0 543.7 -5.6 1.8 Ss =e = 22 2 = 2 = = = = = 5 = = = = = 2 = 2 == 
18000.0 529.6 “8.3 10.5 
19000.0 503.2 =—135.9 z.0 HEIGHT PRESSURE TEMPERATURE REL HUD 
20000.0 489.9 “11.1 °.0 
21000.0 466.0 -14.] i) .7 0.0 1015.3 Zee Osis 
22000.0 454.4 -16.2 4.0 1000.0 983.5 25.2 83.7 
22000.0 431.0 =17.6 20. 2000.0 949.4% 2a,0 29.2 
249000.0 410.5 -20.8 44.8 3000.0 918.5 1837 5/7. 
25000.0 39222 -22.% 54.1 4000.0 878.1 17.8 G6.7 
26000.0 578. <2 270 SI. c 5000.0 SS0n.7 20.5 3/.¢6 
27000.0 363.9 -28.4 48.6 6000.0 Er.9 14.6 24%.) 
28000.0 396.3 ~30.3 63.7 7000.0 798.0 co 25.4 
RESULTS OF THE REPLICATION # 7 8000.0 768.1 &.9 39.m 
s<ssesSessesssfcs sss. SSS 9000.0 790.7 13.9 Z)].a 
10000.0 708.3 Gat 12.2 
HEIGHT PRESSURE TEMPERATURE REL HUMD 11000.0 682.5 6.8 9.9 
12000.0 658.8 6.0 l/7.@ 
0.0 1015.3 Zo. 2 209 12000.0 628.6 0.8 9.2 
1000.0 984.1 17.2 BORG, 1¢000.0 609.1 Oc7 5. 
2000.0 949.2 Z0F.2 43.3 15000.0 Sei. 1 -0.6 z2.@ 
3000.0 921.8 18.8 36.9 16000.0 566.6 -6.1 18.2 
4000.0 Seu. 9 18.3 S/d 17000.0 Bo). ] he 10.3 
5000.0 848.4% 15.7 37.2 18000.0 BS 7 -7.4% 12.0 
6000.0 G257.0 16.4% 33.0 19000.0 505.2 =10.6 4.1 
7000.0 797.6 > ie | 7k, oa <0000.0 483.5 lees 16.3 
8000.0 767.0 8.4 28.3 <1000.0 G62.5 = sia 16.8 
9000.0 7492.9 ri. 0 34.5 22000.0 451.3 Lea. 7 22. 
10000.0 705.0 5.9 24.6 22000.0 424.0 =o. 6 17.2 
11000.0 681.0 One eoeee 2%000.0 410.8 =2l, 3 37.4 
12000.0 661.2 4.3 1h | 2£000.0 5 ee =24, 6 69.8 
13000.0 638.7 -1.4 7.9 <6000.0 37a 1 =2e.2 39.0 
14¢000.0 608.5 O75 9.8 27000.0 3624.6 =37.5 46.5 
15000.0 590.2 -7.4% 16.9 28000.0 347.0 -32.% 64.1 
16000.0 568.1] ites A Ves es RESULTS OF THE REPLICATION # 10 
17000.0 5G3.2 -7.6 7 gee | ee ae 
18000.0 524.2 -8.5 22.4 
19000.0 509.7 mo 0) ND Wee HEIGHT PRESSURE TEMPERATURE REL HWUHD 
20000.0 483.0 -14.6 10.3 
21000.0 462.1] -16.8 6.8 0.0 1015.3 26.6 87.@ 
22000.0 4G6.0 es 6.5 1000.0 984.6 18.0 98.5 
23000.0 431.9 -16.7 On 2000.0 953.2 eae 29.@ 
24000.0 410.6 —25,/0 45.6 3000.0 9159 20.2 28.4 
25000.0 236.5 -19.5 6%.2 4000.0 878.0 17.8 49.8 
26000.0 373.8 =30.3 G2.3 5000.0 854.8 14.3 349.5 
27000.0 aa ag. -31.3 61.9 6000.0 82%.9 19.3 43.6 
28000.0 348.7 = E105, oU.g9 7000.0 796.0 15.5 24.7 
RESULTS OF THE REPLICATION # 8 8000.0 767.0 js ers 2°.4 
silceseseseSseSssSess=ssseSeessscecese °000.0 791.0 9.] 21.8 
10000.0 708.4% 10.0 15.0 
HEIGHT PRESSURE TEMPERATURE REL HUD 11000.0 655.5 7.4 18.0 
1<000.0 662.5 i 2.0 
0.0 1014.2 26.1 97.4% 13000.0 655.3 2.5 4.8 
1000.0 978.5 22.6 95.0 14000.0 606.2 ne | 3.2 
2000.0 950.2 1 Nie Ur 47.5 15000.0 589.9% 025 5.0 
3000.0 914.2 19.9 44.2 16000.0 568.3 =3.1 2.@ 
4000.0 Gro.7 Lorie 48.4 17000.0 5449.3 =O .5 2.8 
5000.0 851.4 Se 29-0 18000.0 525.7 = 9G 12.4 
6000.0 823.1 135.7 20.1 19000.0 504.0 -12.0 ].3 
7000.0 heer 12.6 33.9 20000.0 G89 .G -14.9 6.3 
8000.0 764.) 10.1 eo.5 21000.0 471.1 -19.2 2.0 
9000.0 740.2 10.9 18.6 2c000.0 444.3 -18.8 1.i 
10000.0 ra) amg 3 6.49 7.2 23000.0 429.8 -20.4¢ 2.0 
11000.0 683.5 5.6 2.2 24000.0 411.3 =e ears! 43.2 
12000.0 661.5 1.5 2.0 25000.0 394.4% -25.5 54.1 
33000.0 SS07.7 5 52.49 26000.0 380.1] “25.5 49.3 
14000.0 609.7 1.8 260 27000.0 360.1 =31.6 35.4 
15000.0 589.8 -2.4% 27 28000.0 344.0 =32.9 57.0 


22 


Pet iB? -CA mae 
RESULTS OF THE REPLICATION # 16000.0 566.9 7c 26.5 
——— a i ee SS eo Se 17000.0 540.6 -4.1] 2.0 
18000.0 531.4 =1'5.6 P10 
HEIGHT PRESSURE TEMPERATURE REL HUND 19000.0 505.2 = | Ar 12.0 
20000.0 484.5 -14.4 1.5 
0.0 1015.3 20.0 91.8 21000.0 468.1 =15.6 We. 5S 
1000.0 984.1] 75.1 98.0 22000.0 445.7 -19.6 9 
2000.0 953.4 20.6 19.8 23000.0 430.2 =O 5 hs o 
3000.0 916.4 16.5 51.6 24000 .0 406.9 =25.5 54.2 
4000.0 B7r7.3 18.0 22.6 25000.0 397.4% =-21.9 54.7 
5000.0 851.5 22.4 30.6 26000.0 379.5 =-31.4 42.3 
6000.0 822.1 9.5 36.4% 27000.0 362.4% =35.5 28.2 
7000.0 790.7 19.2 30.6 28000.0 350.0 3555 54.1 
8000.0 767.7 15.9 Bo. 2 RESULTS OF THE REPLICATION # 
9000.0 740.3 5.7 25.1 a= SS Se ea aa ae SS = 
10000.0 71,0 10.5 LS .7 
11000.0 684.1] 6.5 19.8 HEIGHT PRESSURE TEMPERATURE HUNMD 
12000.0 663.0 ese 2-0 
13000.0 639. -1.4 ro. 0.0 Ors. 3 26.3 79.5 
14000 .0 615.1 6.5 2.0 1000.0 978.2 er. 5 ER 
15000.0 5o2.1 e<3 18.5 2000.0 9499.2 “aad f 47.8 
16000.0 567.9 -0.5 9.0 3000.0 915.4 a5.0 28.2 
17000.0 541.9 -3.0 10.6 4000.0 880.0 el.5 32.4% 
18000.0 526.2 ~IC.c 2.0 5000.0 54.9 9.0 Tf 
19000.0 505.8 =13.9 3.0 6000.0 826.9 TS.1 33.6 
20000.0 488.8 H15.7 7 7000.0 192.5 8.6 45.4% 
21000.0 462.0 =15.0 2.0 8000.0 768.0 7 30.8 
22000.0 443.0 =)'7 ..6 6.8 9000.0 UES Bs 5.8 25.7 
23000.0 427.4 =2n. 9 z.0 10000.0 709.8 2.5 2761 
24000.0 409.5 2 30.9 11000.0 686.0 11.5 3.4% 
25000.0 399.3 ee 47.5 12000.0 655.1 3.8 2.0 
26000.0 380.5 25.9 50.1 13000.0 6490.2 1.6 ha. 3S 
27000.0 365.2 -25.4% 57.5 14000.0 610.1 0.9 6.8 
28000.0 346.0 =-28.9 41.4% 1£000.0 586.3 meee 2.0 
RESULTS OF THE REPLICATION # 16000.0 562.6 -0.9 1.8 
S SSSR E RES SS SSB SSR HSB See Be See 17000.0 543.9 -0.9 8.2 
18000.0 52545 -10.4 14.8 
HEIGHT PRESSURE TEMPERATURE REL HUD 1°000.0 503.6 -20.0 9.8 
20000.0 485.0 WA, 9 11.4 
0.0 1O15.3 24.3 99.0 21000.0 465.7 -14.2 5.1 
1000.0 980.9 25.7 S6.35 22000.0 451.5 =-21.5 0.4 
2000.0 946.4 18.4% 54.8 23000.0 429.3 -17.7 4.2 
3000.0 919.3 20.2 31.4% 249000.0 411.4 255 42.4 
4000.0 884.1] 26.1 37.5 25000.0 597.3 -29.6 59.8 
5000.0 5s. 25.7 30.8 26000.0 379.6 S27. 1 Cee | 
6000.0 819.6 2. 5 251 27000.0 Sole -39.5 50.0 
7000.0 798.5 9.5 33.9 28000.0 3497.4 =28. 67.4 
8000.0 768.5 Be. 5 39.2 RESULTS OF THE REPLICATION # 5 
9000.0 7328.6 8.7 Ae Sead sesfSfsesessssressses2tssssescs=secssc= 
10000.0 709.8 ea 2 7 > 
11000.0 686.0 9.7 L6..Z HEIGHT PRESSURE TEMPERATURE HUND 
12000.0 655.8 9.9 2.0 
13000.0 639.3 sloped 220 uw. 0 LOM. 5 Lo .2 91.8 
14000.0 610.0 Gil eed 1000.0 981.7 27.9 77.4% 
15000.0 591.7 -5.9 MS. 2 2000.0 S50°5 19.2 26.8 
16000.0 562.9 -4.0 20.1 3000.0 107.7 15.8 G1.2 
17000.0 543.1 -1.4 227 4000.0 633.9 18.1 40.8 
18000 .0 526.7 —2. 0 9.7 5000.0 855.4% 16.6 37.0 
19000.0 507.6 -8.8 0.5 6000.0 822.5 16.3 49.4 
20000.0 491.1 =e0.9 9.0 7000.0 723.1) 1.5 32.5 
21000.0 464.3 ar ac 220) 8000.0 768.1 10.9 19.2 
22000.0 444.6 ek 21.0 9000.0 742.2 2.8 20.4% 
23000.0 429.7 = lear, E25 10000.0 712.49 ..5 20.2 
24000.0 413.7 sec. 45.0 11000.0 682.7 S. 2 11.4 
25000.0 SoS 7 -21.6 55.> 12000.0 658.6 4.0 23 
26000.0 379.9 -28.4% G6.7 12000.0 635.5 -2.6 7.5 
27000.0 367.8 =30.1 45.2 14000.0 611.0 7 =) 16.7 
28000.0 347.2 -2/7.5 53.3 15000.0 590.8 0.0 P2206 
RESULTS OF THE REPLICATION # 3 16000.0 562.6 -6.5 18.4 
S BS SSSR I I aI Fea Fen SS a ed 17000.0 542.3 -5.1] 6.9 
18000.0 5B29:..2 So 2.0 
HEIGHT PRESSURE TEMPERATURE HUMD 19000.0 505.9 -7.4% Y poe 
20000.0 G84 .6 -12.5 Te 
0.0 1014.4 23.6 86.9 21000.0 G62.2 =e. 7 19.6 
1000.0 985.3 24.2 67.5 22000.0 449.7 me RS re 
2000.0 952.8 18.4 25,3 22000.0 429.6 -14.5 2.5 
3000.0 915.3 20.3 50.8 24000,.0 411.2 -17.9 43.3 
4000.0 878.5 22.0 36.2 25000.0 eh a -25.5 57.2 
5000.0 852.6 Te. 3 39.4 26000.0 378.6 -24.5 51.8 
6000.0 825.2 1 is Ge 14.8 27000.0 358.1 -19.6 46.2 
7000.0 793.3 | La ae 4 S215 28000.0 343.7 -2/.9 ro ey Pe 
8000.0 768.4% 5.5 28.0 RESULTS OF THE REPLICATION # 6 
9000.0 739.4 16.] 31.1 Ssssscessasscserss sss 55-5525 
10000.0 707.3 7.7 9.0 
11000.0 684.0 Toe 17.5 HEIGHT PRESSURE TEMPERATURE HUND 
12000.0 659.7 -1.3 25.9 
13000.0 634.3 Sal ne 0.0 1014.8 22.5 O35 
14000.0 613.4% -5.1 a0 1000.0 eileen Fe Pon °8.0 
15000.0 592.0 -4.9 ie 2000.0 949.0 16.7 PS 7 


3000.0 914.6 2.9 55... 16000.90 562.7 -3.9 1577 
4000.0 880.6 26.6 48.7 17000.0 546.0 -6.2 2.4 
5000.0 851.9 18.8 G2.4 18000.0 524.8 ee 2.0 
6000.0 821.6 17.4 18.5 1°000.0 504.4 -12.2 oa 
7000.0 796.8 7 a3 36.4% 20000.0 483.8 -20.5 3.5 
8000.0 (07.7 iT .0 Zo.) 21000.0 G61.7 -16.0 Sac 
9000.0 749.1 2.4 16.1 22000.0 447.1 -17.1 2.5 
10000.0 710.5 1367 2.0 22000.0 421.4 -29.6 5a 
11000.0 682.5 =). 6 16.5 <4000.0 410.4 -16.6 Sle 
12000.0 659.8 8.3 8.4 25000.0 389.7 -25.0 48.9 
13000.0 639.1 (ames 2.0 26000.90 282.7 -25.0 58.4% 
14000.0 614.3 1.7 14.0 27000.0 358.4 = 44.9 
15000.0 590.6 -1.2 2.0 28000.0 348.7 -38.5 58.7 
16000.0 566.4% -3%.4 5.4 RESULTS OF THE REPLICATION # 9 
17000.0 543.7 -G4,] 1.8 SSS S25SSSSs----- 5 5—5 6 ee eee eee 
18000.0 529.6 -8.4 10.5 
19000.0 503.2 -17.1 2.0 HEIGHT PRESSURE TEMPERATURE REL HUND 
20000.0 489.9 -9.4 3.0 
21000.0 466.0 ot 94 = 1 Ef 0.0 1015.3 21.7 9355 
22000.0 454.4 -15.2 4.0 1000.0 983.5 24.6 Of7 7 
23000.0 431.0 =o. > 20.3 2000.0 949.4 25.5 2955 
24000.0 410.5 -19.8 44.8 3000.0 918.5 17.1 47-0 
25000.0 392.2 -20.5 54.1 4000.0 878.1 16.6 46.7 
26000.0 378.2 -28.4% 39.2 5000.0 850.7 Cane 37.6 
27000.0 36500 =—27.1 48.6 6000.0 819.9 Ss, 1 24.1 
28000.0 3496.3 -26./ 63.7 7000.0 798.0 tear 25.3 
RESULTS OF THE REPLICATION # 7 8000.0 768.1 Ba7 Se 7) 
Fh i pa SS SE SOR ee ee eee °9000.0 740.7 18.3 Z1.1 
19000.0 708.3 8.0 Ze 2 
HEIGHT PRESSURE TEMPERATURE 11000.0 682.5 7.8 9.4 
12000.0 658.8 de> 17.7 
0.0 1015.3 12000.0 638.6 -0.8 ae 
1000.0 984.1 9 14000.0 609.1 1.8 5.8 
2000.0 949.2 4 15000.0 57 le 1 1.3 2.0 
2000.0 921.8 7.2 9 16000.0 566.6 -6.9 18.2 
4000.0 880.9 17.5 7 17000.90 541.1 -7.6 10.3 
5000.0 848.4 14.0 7 15000.0 a 7) 26.7 12.0 
6000.0 823.0 16.6 0 19000.0 505.2 -10.4 G.1 
7000.0 797.6 3.8 7 20000.0 G83.5 “111 16.3 
8000.0 767.0 4.8 3 21000.0 462.5 -20.8 16.8 
9000.0 7492.9 12.4 5 22000.0 451.3 -831 2205 
10000.0 705.0 3.5 6 23000.0 G°2G.0 -14.3 eee 2 
11000.0 681.0 6.7 2 24000.0 410.8 -20.9 37.49 
12000.0 661.2 3.68 1 25000.0 397.9 -25.4 69.8 
12000.0 638.7 5.1 4 26000.0 378.1 - sis 39.0 
14000.0 608.5 1 es 9.8 27000.0 362.8 BL 55 G6.5 
15000.0 690.2 he. < ro..9 28000.0 347.0 eS! 64.1 
16000.90 568.1 =O L v5. 9 RESULTS OF THE REPLICATION # 10 
17000.0 643.2 -8.2 7.1 me bd fa a pe dF) 
18000.0 529.2 -0;.9 22.4 
19000.0 509.7 me nc 11.9 HEIGHT PRESSURE TEMPERATURE REL HUND 
20000.0 483.0 -16.4 10.3 
21000.0 462.1 =e. 2 6.8 0.0 1015.3 30.7 S7 af 
22000.0 446.0 -14.4 6.5 1000.0 °84.6 1431 98.5 
23000.0 431.9 -14.4 0.9 2000.0 953.2 24.7 2957 
24000.0 410.6 -29.5 45.6 3000.0 915.9 2052 28.4 
25000.0 396.5 — 14. 7 649.2 4000.0 878.0 16.4% 49.8 
26000.0 373,06 =—435,5 42.3 5000.0 854.8 1 Ee 34.5 
27000.0 £5909 =o cue 61.9 6000.0 824.9 22.4 43.6 
28000.0 398.7 -29.7 60.9 7000.0 796.0 16.6 24.7 
RESULTS OF THE REPLICATION # 8 8000.0 767.0 11.4% 29.2 
SS SOS RS Se BSeS So Se Sh SSeS eh See SeSeSSeneRes 9000.0 741.0 8.7 220 
10000.0 708.4 1l.7 15.0 
HEIGHT PRESSURE TEMPERATURE REL HUMD 11000.0 665.3 9.0 18.0 
12000.0 662.5 ewe 2.0 
0.0 1014.2 29.6 97.4 13000.0 655.35 2.5 4.8 
1000.0 970.5 aa aie 93.8 14000.0 606.2 Ca7 Sue 
2000.0 95052 16.6 47.5 15000.0 589.4 2.0 5.0 
3000.0 914.2 19.6 44.2 16000.0 568.3 -1.1 2.0 
4000.0 879.7 17.3 48.4 17000.0 544.3 -9.6 2.8 
5000.0 851.4 rs 3 29.0 18000.0 525.7 — Js. 0 l227 
6000.0 823.1 ies 20.1 19000.0 50¢.0 -13.2 13 
7000.0 1359 10.8 33,9 20000.90 G84 .4 me Ar | 6.3 
8000.0 764.1 8.0 28.3 21000.0 471.1 -23.0 2.0 
9000.0 740.2 12.4% 18.6 22000.0 444.3 -20.5 deel 
10000.0 712.6 4.5 7 2 23000.0 4249.8 -2130 2.0 
11000.0 683.5 5.6 he. 2 24000.0 411.3 el 43.2 
12000.0 661.5 -1.7 2.0 25000.0 394.4 -26.8 54.1 
13000.0 636.7 0.5 32.4 26000.0 380.1 —29.5 49.3 
14000.0 609.7 4.1 2.0 27000.0 360.1 -33.4 35.4 
15000.0 589.8 -2.2 ae .7 28000.0 3494.0 -33.7 57.0 
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PebiLE: CALID 
RESULTS OF THE REPLICATION # 1 16000.0 566.2 =577 26.5 
ee fmeten enter os) as ani an a or a aan et en ee le ee 17000.0 542.2 ~6.3 200 
18000.0 5cB.9 -10.1 11.0 
HEIGHT PRESSURE TEMPERATURE REL HUMD 19000.0 505.3 -11.0 2.0 
20000.0 485.2 “1322 13.5 
0.0 10TSes 22.0 91.8 21000.0 466.5 -15.5 17.5 
1000.0 983.1 20.2 98.0 22000.0 446.1 -17.8 19 
2000.0 952.1 215 19.8 23000.0 429.6 16.9 rarer 4 
3000.0 916.5 19es 21.6 24000.0 408.6 “22.7 54.2 
4000.0 878.7 18.8 535.0 25000.0 596..6 = 2 aah 54.7 
5000.0 851.3 18.6 30.6 26000.0 379.0 ~28.2 42.3 
6000.0 B22,9 14.5 36.4 27000.0 362.5 302 Come 
7000.0 792.5 15.6 30.6 28000.0 349.0 52. 54.1 
8000.0 767.3 P3520 26.2 RESULTS OF THE REPLICATION : q 
9000.0 739.9 8.5 25.1 =o = S- - - -  - SS- S - S-S 
10000.0 710.5 8.9 18.7 
11000.0 684.0 5.9 19.8 HEIGHT PRESSURE TEMPERATURE HUTD 
12000.0 661.3 3.0 2.0 
13000.0 638.5 1.5 aA 0.0 TOTS 25 255 79.5 
14000.0 613.1 3 2.0 1000.0 979.5 21.8 os 5 
15000.0 591.4 =e 18.5 2000.0 9499.6 ces 47.8 
16000.0 566.7 -4.0 9.0 3000.0 915.8 2120 28.2 
17000.0 543.0 -6.0 10.6 4000.0 880.3 1937 32.4 
18000.0 625.7 sed A 2.0 5000.0 853.4 L7 ee 25.7 
19000.0 505.6 an SP) 3.0 6000.0 825.68 15.9 33.6 
20000.0 487.8 -13.5 2/2 7000.0 793.5 lec9 45.49 
21000.0 G62.9 -15.3 2.0 8000.0 767.5 12.0 30.8 
22000.0 444.5 -17.3 6.8 9000.0 72622 8.6 25.7 
23000.0 428.0 -19.7 2.0 10000.0 709.8 9.4 27el 
29000.0 410.1 =Z2.l 30.9 11000.0 685.2 Tad 3.4% 
25000.0 297-28 -23.8 47.5 12000.0 656.6 q.5 o.0 
26000.0 379.6 =26.3 50.1 13000.0 629.7 2.2 Vex > 
27000.0 363.0 -28.6 57.5 14000.0 oloct -0.1 6.8 
28000.0 46.6 Sie 41.4 15000.0 587.9 -2.4 2.0 
RESULTS OF THE REPLICATION # 2 16000.0 563.6 ~4.] 1.8 
SeESSRREE See SHR ROR ORR ae Oo 17000.0 5449.2 -5.5 8.2 
18000.0 5249.0 -8.8 14.8 
HEIGHT PRESSURE TEMPERATURE REL HUD 19000.0 594.5 -13.1 9.8 
20000.0 485.5 -l2:;8 11.4 
0.0 1015.3 23.0 99.0 21000.0 G65.1 -15.1 Lay | 
1000.0 981.2 22.9 86.3 22000.0 449.6 -18.3 0.4% 
2000.0 947.9 20.9 54.8 23000.0 429.1 -18.7 4.2 
3000.0 918.2 202 31.49 24000.0 411.3 A I 42.4 
4000.0 882.8 20.8 oe. > 25000.0 396.6 -25.6 59.8 
5000.0 851.2 19.4% 20.8 26000.0 Sy ae -27.1] Syd 
6000.0 821.4 17.5 25.1 oe eee 361.8 730.9 59.0 
7000.0 TOT ne ian< a2. 9 28000. 347.5 S152 67.4% 
8000.0 767.8 12.2 349.2 RESULTS OF THE REPLICATION t 865 
9000.0 738.9 9.3 27s So See S=(S 3S S ees = SS sss 2 S255 SS =\= 
10000.0 709.8 o> an 
11000.0 685.2 6.7 Fo.2 HEIGHT PRESSURE TEMPERATURE REL HUIID 
12000 .0 657.0 6.0 2.0 
13000.0 638.1 Or 2.0 0.0 1015.3 Clare 91:8 
14000.0 610.0 -0.3 ay 1000.0 981.6 23.4 77.4% 
15000.0 592 24 eae 2000.0 950.4% Ze 26.8 
16000.0 563.8 “4.9 zZ20...1 3000.0 913.0 1 oe 41.2 
17000.0 543.8 -5.6 ee | 4000.0 882.6 18.9 40.8 
18000 .0 526.0 -9,] 9.7 5000.0 853.7 Lean S70 
19000.0 506.7 =107.3 0.5 6000.0 S255 16.2 G9.G 
20000.0 489.2 -14.8 9.0 7000.0 799.0 14.2 Soe 
21000.0 G64¢.3 -15.9 2.0 8000.0 767.5 11.8 | ee ee | 
22000.0 G45.4% -18.4% 210 9000.0 741.0 7.8 20.4 
23000.0 429.3 -18.4% WZ3 10000.0 711.4 957 EO. e 
24000.0 G12.7 -21.9 45.0 11000.0 683.2 633 11.49 
25000.0 395.6 -23.6 33.5 12000.0 658.7 4.5 Pres 
26000.0 379.35 -27.4% G6.7 12000.0 655.9 ra 7G5 
ae ei -29.8 45.2 14000.0 610.6 OsS 16.7 
28000.0 347.3 -30.9 BS5a> 15000.0 590.7 StS, 22.8 
RESULTS OF THE REPLICATION # 3 16000.0 563.5 -§.5 18.4 
aaa 2 ea Se Se Se SSeS See Sees sSeSSsseSS5 17000.0 643.3 -6.5 6.9 
18000.0 529.5 -5.3 2.0 
HEIGHT PRESSURE TEMPERATURE REL HUMD 19000.0 505.7 -9.9 Tat 
20000.0 485.3 “127 fae 
0.0 LODS.2 22.8 86.9 21000.0 463.0 -14.7 19.6 
1000.0 983.8 22.5 87.5 22000.0 445.5 -18.4 Dae 
2000.0 951.8 21.0 25.3 22000.0 G29.3 -17.9 Barrys) 
3000.0 915.8 20.3 50.8 24000.0 411.1 =20.8 43.3 
4000.0 879.4 19.8 26.¢ 25000.0 394.1] -29.6 vigour 
5000.0 852.0 17.5 39.4% 26000.0 378.5 -26.4 51.8 
6000.0 829.7 15.1 14.8 See 360.0 =~ fae G6.2 
7000.0 794.1 S22 55.5 280 345.3 -31.0 6552 
8000.0 767.7 10.5 28.0 RESULTS OF THE REPLICATION # 
9000.0 739.4 i A eee =) ee | Fa ed Sh fl en) ep mgd hh — Pt 
10000.0 708.3 8.2 9.0 
11000.0 684.0 Gar 7S HEIGHT PRESSURE TEMPERATURE HUMD 
12000.0 659.3 Se 25.9 
12000.0 635.2 35.6 Z.e 0.0 1015.4 22.6 93.5 
14000.0 612.1 -1.6 220 1000.0 982.9 20.4% 25.0 
15000.0 591.4% -3.1 9-1 2000.0 949.5 20.5 Lod 


3000.0 915.4 21.5 S360 16000.0 563.6 “4.9 
4000.0 830.7 21.0 48.7 17000.0 545.5 -6.8 
5000.0 851.6 Lied 42.4 18900.0 529.9 = oe 
6000.0 822.6 16.5 18.5 19000.0 504.8 Sh leah 
7000.0 796.2 15.1 36.4 20000.0 4849.8 -19.7 
8000.0 767.3 11.8 26 01 21000.0 GO2.7 — oars 
9000.0 792.2 len 16.1 22000.0 446.9 =e 
10000.0 71IGeZ 27 2.0 23000.0 470.3 -20.4 
11000.0 683.1 S25 16.5 24000.0 G10.7 -20.5 
12000.0 659.4 5.6 8.4 25000.0 359250 -24.5 
13000.0 638.0 Se 2.0 26000.0 38150 -26.6 
19000.0 612.6 0.1 14.0 27000.0 S604) -27 ao 
15000.0 590.5 = 2 se zZ.0 28000.0 398.3 =3 3516 
16000.0 565.9 -4.8 5.4 RESULTS OF THE REPLICATION # 9 
17000.0 5GG.] -6.3 1.8 SSB Re Bee Se See oOo Ree Oe o OSS Sa eas 
18000.0 52/26 = es 10.5 
19000.0 504.1 -12.4 2.0 HEIGHT PRESSURE TEMPERATURE REL 
20000.0 488.4 -12.0 9.0 
21000.0 465.3 -14.8 ha ays 0.0 1015.3 22.4 
22000.0 451.3 -16.7 4.0 1000.0 9o2 an 22.6 
23000.0 430.1 -18.3 20.3 2000.0 9499.7 22 a 
24000.0 410.7 -21.3 49.8 3000.0 S17 57 19.5 
25000.0 393.5 -23.3 54.1 4000.0 S797 1825 
26000.0 57> -27.4% So ee 5000.0 850.9 18.8 
27000.0 363.4% -29.0 48.6 6000.0 821.5 15.4 
28000.0 346.8 -31.2 63.7 7000.0 7°6.9 14.1 
RESULTS OF THE REPLICATION # 7 8000.0 767.5 10.5 
S25 SSss Ss Sisisse SS SSSeie SS Sieieteieielieie Sie 9000.0 740.] lie 
10000.0 708.9 8.2 
HEIGHT PRESSURE TEMPERATURE REL HUHODO 11000.0 683.0 6.2 
12000.0 653.8 523 
0,0 1015.3 23.0 o0,9 13000.0 OS 7.7 1.6 
1000.0 983.1 19.5 927.9 14000.0 609.5 0.2 
2000.0 949.6 21.0 43.3 15000.0 5°078 -io 
3000.0 919.7 1975 36.9 16000.0 565-2 -5760 
4000.0 880.8 1607 Sed 17000.0 542.6 =f ou 
5000.0 849.5 16.5 Sy 7eh 18000.0 529.0 -7,.6 
6000.0 823.4 16.3 38.0 19000.0 505.3 -10.7 
7000.0 796.7 Iks 28.7 20000.0 G89.6 -12.4 
8000.0 766.9 10.3 28.3 21000.0 G63.2 -16.8 
9000.0 741.5 10y2 29.5 z2zUu0. 0 449.4 -14.9 
10000.0 706.9 rane | 24.6 23000.0 425.9 -17.8 
11000 .0 682.1 5.9 23.2 24000.0 410.9 -21.6 
12000.0 660.2 G.5 Laan | 25000.0 59°6n -~24.6 
13000.0 637.8 0.5 7.4 26000.0 2/Be 0 =2S0 
19000.0 609.] 0.0 9.8 27000.0 262-6 -z2004 
15000.0 59055 -4.9 16.9 28000.0 S5G7 02 ~S2 oe 
16000.0 566.9 -6.4% 7 RESULTS OF THE REPLICATION # 10 
17000.0 543.8 -7.3 rane | SSscssssslsftsssscssfcs Ss = - 22s 
18000.0 5249.5 -8.4 22.4 
1°000.0 508.0 -9.9 :.9 HEIGHT PRESSURE TEMPERATURE REL 
20000.0 489.3 -13.7 10.3 
21000.0 G62.9 -16.1 6.8 0.0 1015.3 24.6 
22000.0 446.3 -16.5 6.5 1000.0 °83.4 BE I, 
23000.0 430.7 -17.8 0.9 2000.0 °52.0 2ce 
24000.0 410.8 = Cour 45.6 3000.0 916.1 20ns 
25000.0 396.0 fel 4 64.2 4000.0 879.1 18.4 
<6000.0 375.6 -25.7 G2.3 5000.0 6535.5 15.8 
27000.0 361.0 -30.5 61.9 6000.0 829.5 17.8 
28000.0 398.3 =31 9 60.9 7000.0 7SS.7 15.0 
RESULTS OF THE REPLICATION # 8 8000.0 766.9 11.9 
SSSSee Se SSeS Se SSeS Ce See SeR Se SeSseeet 5000.0 740.3 9.3 
10000.0 70920 9.2 
HEIGHT PRESSURE TEMPERATURE REL HUMD 11000.0 684.7 felis & 
12000.0 661.0 Sa 
0.0 1015.0 24.4 97.4% 1200030 6355.7 2.4 
1000.0 979..7 2235 93.8 14000.0 607.8 0.4 
2000.0 950.2 zur s 47.5 15000.0 589.8 -1.4 
3000.0 915.1 20.1 44.2 16000.0 567.0 -4.2 
4000.0 880.1 18.6 G8.4 17000.0 549.4 Fan 
5000.0 851.3 16.3 2°. 18000.0 525.4 -O.g 
6000.0 823.4 15.0 20.1 19000.0 504.6 -11.4 
7000.0 795.7 13.5 BSCS mabe] 20000.0 485.1 = 
8000.0 765.1 11.1 Zon 21000.0 G68.4 -l75 
9000.0 739.9 LOnd 18.6 22000.0 445.2 -18.0 
10000.0 711.5 lacs 17.2 23000.0 426.4 Salis) 
11000.0 683.6 5.7 Ma. 2 24000.0 G11.2 -2is 
12000.0 660.4 3.1 2.0 25000.0 394.8 -249.9 
13000.0 636.6 1.9 32.4 26000.0 379.4 -27.7 
14000.0 609.8 0.7 2.0 27000.0 361.1 -30.6 
15000.0 590.0 -2.4% ie, 7 28000.0 3495.4 -32.4% 
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ae) 
ee) 
HKOnrcMNoronwahndw 


16000.0 566.2 =6n.2 
17000.0 5G2.2 =5. 6 
18000.0 528.9 i be | 
1°9000.0 E0525 ea 4 
20000.0 485.2 te TE eos 
21000.0 466.5 1 
22000.0 446.1] -18.4 
23000.0 429.6 =16.,7 
24000.0 408.6 =2547 
25000.0 396.6 ses Ae | 
26000.0 379.0 =29 25 
27000.0 362.5 eS 
28000.0 349.0 mes 12) 
RESULTS OF THE REPLICATION # 4G 
HEIGHT PRESSURE TEMPERATURE 
0.0 1015.3 24.4 
1000.0 97955 val arg 
2000.0 949.6 22.8 
3000.0 915.8 21.7 
4000.0 880.3 2053 
5000.0 853.% 18ac 
6000.0 325.5 15.6 
7000.0 79255 11S 
8000.0 {67.5 Rs asks 
9000.0 758-2 Fl) 
10000.0 709.8 10.4% 
11000.0 605.2 8.6 
12000.0 656.6 4.3 
13000.0 628.7 2.0 
14000.0 610.1 0.3 
15000.0 537.9 -2.4 
16000.0 563.6 Sl 
17000.0 5449.2 =3.9 
18000.0 524.0 =9°.5 
19000.0 504.5 -15.4 
20000.0 465.5 =-12.8 
21000.0 465.1 =14.8 
22000.0 4499.6 “1974 
23000.0 429.1 =13.3 
24000.0 411.3 =22 07 
2£5000.0 $96.6 =20.9 
26000.0 379) =2/ 04 
27000.0 361.8 =S20) 
28000.0 347.5 =30-3 
RESULTS OF THE REPLICATION # 5 
HEIGHT PRESSURE TENPERATURE 
0.0 1015.3 20n9 
1000.0 981.6 249.9 
2000.0 $50.4 2025 
3000.0 9157.0 18.1 
4000.0 882.6 18.6 
5000.0 S55 .7 T1649 
6000.0 825.1 16.3 
7000.0 794.0 14.0 
8000.0 16725 pi a 
9000.0 741.0 Gel 
10000.0 711.4 V1.1 
11000.0 683.2 6.9 
12000.0 658.7 4.4 
13000.0 625.9 =F) 
14000.0 610.6 Jed 
15000.0 Lal Bits Zs Ane 
16000.0 563.5 “Sa0 
17000.0 543.3 6.11 
18000.0 524.5 -2.4 
19000.0 505.7 =o 
20000.0 485.3 -12.6 
21000.0 463.0 =14.1 
22000.0 445.5 =19.5 
23000.0 429.3 =16.7 
24000.0 411.1] -19.8 
25000.0 394.1 -24.9 
26000.0 378.5 =25.0 
27000.0 360.0 =—247, 0 
28000.0 5 “29.9 
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RESULTS OF THE REPLICATION # 6 
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3000.0 915.4 
4000.0 880.7 
5000.0 851.6 
6000.0 822.6 
7000.0 19632 
8000.0 767.5 
°000.0 742.2 
10000.0 710.2 
11000.0 683.1 
12000.0 659.4 
13000.0 638.0 
14000.0 61226 
15000.0 5°90.5 
16000.0 565.9 
17000.0 544.1 
18000.0 527.8 
19000.0 504.1 
20000.0 488.4 
21000.0 G65.3 
22000.0 451.3 
23000.0 430.1 
24000.0 410.7 
25000.0 393.5 
26000.0 378.3 
27000.0 363.4 
28000.0 G6 
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PRESSURE TEMPERATURE 
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983.1 Vine 
949.6 20.2 
91 oR7 18.8 
880.8 18.3 
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823.4 16.4% 
796.7 ool 
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60971 0.5 
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RESULTS OF THE REPLICATION # 1 16000.0 566.2 =fne 26.5 
= SSSSSRSES SCRE SSSSe3ooR BSc SeeSeSssR SS 17000.0 5642.2 -4,.] ee Ol) 
18000.0 528.9 -15.6 110 
HEIGHT PRESSURE TENPERATURE REL HUND 19000.0 505.3 -l11.7 12.0 
20000.0 485.2 -14.4 13°25 
or0 1015.3 20.0 91.6 21000.90 G66.5 -15.6 17.5 
1000.0 9831 pS. 1 28.0 22000.0 446.1] -19.6 alee! 
2000.0 952 20.6 19.8 23000.0 429.6 -10.5 ay grays 
2000.0 916.5 16.5 S16 24000.0 408.6 =2 5.0 54.2 
4000.0 S/7S.7 18,70 53.6 25000.0 396.6 -21.9 54.7 
5000.0 851.5 22.4 20.6 26000.90 372.0 -31.4 42.3 
6000.0 822.9 5.5 36.4 27000.0 4562-55 -33.3 Zone 
7000.0 792.5 one 30.6 28000.0 2q970 -33.5 54.1 
8000.0 167.5 15.9 Conc RESULTS OF THE REPLICATION # G 
9000.0 739.9 5.7 <5.1 Seo SS oS a ee Se ee ee = SS = 
10000.0 710-5 10.5 1337 
11000.0 684 .0 6.5 19.8 HEIGHT PRESSURE TEMPERATURE REL HUD 
12000.0 661.3 —2a'6 2.0 
12000.0 638.5 -1.4 pec en | O50 1015.3 26.3 1935 
14000.0 613.1 6.3 2.0 1000.0 979.5 21.5 93.3 
15000.0 591.4 Zao 18.5 2000.0 949.6 Cael 47.8 
16000.0 566.7 -0.5 a0 3000.0 915.8 2on0 28.2 
17000.0 543.0 -3.0 10.6 4000.0 880.3 25 32.4 
18000.0 525.7 -12.2 2.0 5000.0 853.4 1So.0 2a 
19000.0 505.6 =12.9 eB 6000.0 825.8 15.1 33.6 
20000.0 487.8 =-15.7 Cree 7000.0 P2555 8.6 45.4 
21000.0 G62.9 -15.0 220 8000.0 767.5 17 30.8 
22000.0 444.5 -17.6 6.8 °000.0 756.2 5.8 e5u7 
22000.0 428.0 -21.9 a<0 10000.0 709.8 2,5 2728 
24000.0 410.1 =25.0 30.9 11000.0 685.2 11.5 3.4 
25000.0 597.6 “22.5 47.5 12000.0 656.6 52.6 2.0 
26000.0 379.6 pt A LO | 13000.0 638.7 1.6 liens 
27000.0 363.0 -25.4 57.5 14000.0 610.1 U9 6.8 
28000.0 346.6 -28.9 41.4 PS00070 587.9 ol ana 2.0 
RESULTS OF THE REPLICATION # 2 16000.0 563.6 =), 9 le 
Sa SS SS SS SS SSS SS Ss sS= 17000.0 544.2 -0.9 Ba 
18000.0 524.0 -10.4¢ 14.8 
HEIGHT PRESSURE TENPERATURE REL HUtid 120000 504.5 -20.0 9.8 
20000.0 485.5 sae 7 11.4 
0.0 10TS-3 24.3 99.0 21000.0 465.1 -14.2 Lee | 
1000.0 95417 2 25.7 B6.35 22000.0 449.6 ~ 21.5 0.4 
2000.0 947.9 18.4 54.8 23000.0 429.1 = G2 
3000.0 918.2 ZO0aa 31.4 24000.0 411.3 aie 5 42.4 
4000.0 882.8 26.1 Sia 25000.0 396.6 -29.6 5936 
5000.0 851.2 25.7 20.8 26000.0 579.1 -27.1 57.7 
6000.0 821.4 21.5 con 27000.0 361.8 -34.5 50.0 
7000.0 797.2 9.5 S309 28000.0 247 ,5 =25.7 67.4% 
8000.0 7O/.6 2-5 24.2 RESULTS OF TI!IE REPLICATION # 5 
9000.0 738.9 as 272 SSS rsssossslssSesssssssssscsss ss 
10000.0 709.8 Lewe ra 
11000.0 685.2 oa 16.2 HEIGHT PRESSURE TEMPERATURE REL HU?O 
12000.0 657.0 °.9 ae hO) 
12000.0 638.1 -6.1 2.0 0-0 1015.3 he ar 91.8 
14000.0 610.0 Or bey) 1000.0 981.6 cv? 77.4 
1£000.0 Lie Aas ee 1522 2000.0 °50.4 TeeZ 26.8 
16000.0 563.8 -4.0 20.1 2000.0 913s-0 Peso G1.2 
17000. 0 543.8 -1.4 VLe f 4000.0 &82.6 Pee 40.8 
18000.0 526.0 -12.0 9.7 5000.0 O53 7 16.6 S70 
19000.0 506.7 -8.8 0.5 6000.0 62351 16.3 G9.4 
20000.0 489.2 -20.9 9-0 7000.0 794.0 32.5 2275 
21000.0 4649.3 -17.2 2.0 8000.0 767.5 10.9 19 
22000.0 445.4 -22.1 21.0 9000.0 791.0 ae 3 20.4% 
23000.0 429.3 -16.7 F2.e 10000.0 711.4 13.8 co we 
24000.0 G12.7 -22.2 45.0 11000.0 683.2 Siz 11.4 
25000.0 57570 -21.6 S355 12000.0 658.7 G.0 Li.3 
26000.0 379.3 -28.% G6.7 12000.0 635.9 -2.6 rae 
27000.0 365.8 =30...1 G5.2 14000.0 610.6 2.6 16.7 
28000.0 347.3 -27.5 SoS 15000.0 Sows. 0.0 anc 
RESULTS OF THE REPLICATION # 3 16000.0 563.5 -6.5 18.4 
SSSS 23 SS3055S8 Se SSeS oR Ses eS SReaSe3= 17000.0 643.3 -5.] 6.9 
18900.0 524.5 545 220 
HEIGHT PRESSURE TEMPERATURE REL HUND 12000-0 505-7 -7.4 tor 
20000-0 485.3 -12.5 Ve 
O:,.0 1015.2 23.6 86.9 Z1G0G70 463.0 =12.7 19.6 
1000.0 983.0 24.2 87.5 22000.0 445.5 Sell Se 15.2 
2000.0 S516 18.4 25.3 25000.0 429.3 -14.5 12.5 
3000.0 915.8 20.3 50.8 24000.0 41121 ey? 43.3 
4000.0 879.4 22.0 56.2 25000.0 394.1 -25.5 Sf22 
5000.0 852.0 LG.3 39.4 26000.0 375.5 -24.5 51.8 
6000.0 829.7 Ji.9 14.8 27000.0 360.0 -19.6 46.2 
7000.0 794.1 bla 4 35.5 28000.0 345.3 = 27 ao 63.2 
8000.0 167.7 §.5 28.0 RESULTS OF THE REPLICATION # 6 
9000.0 739.4% 16.1] 31.1 SSS eae SoS SS SSS SSS SSS SSS SSS 
10000.0 10G.5 Tad 9.0 
11000.0 684.0 Vee 725 HEIGHT PRESSURE TEMPERATURE REL HUD 
12000.0 659.3 = les 2570 
132000.0 6325.2 Sit See 0.0 1015.4 22.5 eS 
14000.0 612; i -5.1 on 1000.0 [62.9 16.0 75.0 
15000.0 591.4 -4.9 9.1 2000.0 949.5 16.7 1o.7 
99 


3000.0 915.4% 24.9 
4000.0 880.7 26.6 
5000.0 851.6 18.8 
6000.0 822.6 17.4% 
7000.0 196.2 7S 
8000.0 TOTS 11.0 
9000.0 742.2 2.4 
10000.0 710.2 13.7 
11000.0 683.1 =1.6 
12000.0 659.4% D> 
13000.0 638.0 7.8 
14000.0 612.6 Vo Ff 
15000.0 Sigltlg =) le 
16000.0 505.9 -3.4% 
17000.0 544.1 -G.1 
18000 .0 527.8 -8.4% 
19000.0 504.1 = 7. 
20000.0 488.4 =9.4 
21000.0 465.3 =12.8 
22000.0 451.3 =15.2 
23000.0 430.1 =16.3 
24000.0 410.7 =15.0 
25000.0 593..5 =20.5 
26000.0 378.3 -28.% 
27000.0 363.4% retin | 
28000.0 346.8 =20..7 
RESULTS OF THE REPLICATION # 
HEIGHT PRESSURE TEMPERATURE 
0.0 1015.3 (Thee. 
1000.0 983.1 ye 5) 
2000.0 949.6 18.5 
3000.0 91957 VG. 2 
4000.0 880.8 iy5 
5000.0 849.5 14.0 
6000.0 823.4 16.6 
7000.0 196. 7 26 
&000.0 766.9 4.8 
9000.0 741.5 12.4% 
10000.0 706.9 5 
11000.0 682.1 Or? 
12000.0 660.2 5.6 
13000.0 637.8 =S5. 
14000.0 609.1 LS 
15000.0 590.5 5) any 4 
16000.0 566.9 =10.1 
17000.0 543.8 =O6.2 
18000.0 524.5 =e. 9 
19000.0 508.0 = a4 
20000.0 484.3 -16.4% 
21000.0 462.9 = eed 
22000.0 446.3 -14.4 
23000.0 430.7 -14.4% 
24000.0 410.8 =29.5 
25000.0 3960 “14.7 
26000.0 375.6 Sy 
27000.0 361.0 =32.8 
28000.0 348.3 meee 
RESULTS OF THE REPLICATION # 


— a oo ee oe oe = om ww oo oo oo ioe om iw om iw wt wt ee we we ee = 
— we we me wm we ae = om ee oF em om am = om ow OF ow OF a = ae oF oe = 


HEIGHT 


0.0 
1000.0 
2000. 
3000. 
4000. 
5000. 
6000. 
7000. 
8000. 
9000. 

10000. 
11000. 
12000. 
13000. 
14000. 
15000.0 


oooocMecoeceoeoo 


NHMUOTAINS ODWWWO OD WO 


PRESSURE TEMPERATURE 


% 
NONE OWNOYVOOMNM SOOO SNOPES NaVO 


REL HUHD 


REL HUMD 


OO 


16000.0 563.6 =3..9 
17000.0 545.5 =6.2 
18000.0 pee. asian! 
1°000.0 504.8 -12.2 
20000.0 484.8 =20.5 
21000.0 462.7 -16.0 
22000.0 446.9 —y, 1 
23000.0 430.3 =29.76 
24000.0 410.7 -16.6 
25000.0 59270 =2570 
26000.0 381.0 =25.0 
27000.0 360.1 “2255 
28000.0 48.3 —50a5 
RESULTS OF THE REPLICATION # 
HEIGHT PRESSURE TEMPERATURE 
0.0 101 Ses cle 
1000.0 982.7 24.6 
2000.0 949.7 2505 
3000.0 917.7 17.2 
4000.0 879.1 16.6 
5000.0 850.9 eo 
6000.0 821.5 13.1 
7000.0 7° GE 13.2 
8000.0 767.45 Sone 
9000.0 740.1 18.3 
10000.0 7Us.9 8.0 
11000.0 683.0 7.8 
12000.0 658.8 75 
13000.0 637.7 -0.8 
14000.0 609.5 1.8 
15000.0 570.8 is 
16000.0 Boo. 9 =o. 9 
17000.0 542.6 =7.6 
18900.0 Bao. o OBL 
19000.0 505),.3 ~10.4% 
20000.0 484.6 sa tera E 
21000.0 463.2 =20.8 
22000.0 449.4 -8.1 
22000.0 a25.9 =1Ge3 
24000.0 410.9 -2077 
¢5000.0 3°60 -25.49 
2¢6000.0 37851 -3053 
27000.0 S020 -31,5 
28000.0 BOG ace +3220 
RESULTS OF THE REPLICATION # 
HEIGHT PRESSURE TEMPERATURE 
0.0 101524 50.7 
1000.0 98320 14.1 
2000.0 9bi2.0 29.7 
3000.0 Steet 20.2 
4000.0 S79. 16.4% 
5000.0 852.3 1s 
6000.0 829.5 22.9 
7000.0 775 ae 16.6 
8000.0 106.5 11.4 
°000.0 740.3 S72 
10000.0 709.0 11.7 
11000.0 6849.7 9.0 
12000.0 661.0 ~ 2c 
13000.0 625.7 225 
14000.0 607.8 ra Ti 
15000.0 5389.8 2.0 
16000.0 567.0 = te 
17000.0 544.4 =9.6 
18000.0 525.4 -11.0 
19000.0 504.6 =1S. 2 
20000.0 485.1 m7 al 
21000.0 468.4 ea. 0 
22000.0 445.2 =2055 
23000.0 426.4 =2410 
24000.0 411.2 =21 7 
25000.0 394.8 =26), 6 
26000.0 379.4 =a ale 
27000.0 36122 -33.4% 
28000.0 345.4% SoS 07 
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RESULTS OF THE REPLICATION # 


were ee ee ee Se ww ew eS ew Pw Bw ewe wee we ww ee eee ee ee 
= ie we ie ee ee eee ie ee ee eee ee 


PILE CAL ZA 
HEIGHT PRESSURE 
0.0 1015.8 
1000.0 680.2 
2000.0 999-7 
3000.0 914.4 
4000.0 880.4 
5000.0 852.4 
6000.0 819.8 
7000.0 ifsye eA 
8000.0 765.3 
9000.0 750.9 
10000.0 710.6 
11000.0 683.3 
12000.0 663.5 
132000.0 639.4% 
14000.0 616.0 
15000.0 589.5 
16000.0 568.6 
17000.0 542.3 
18000.0 5ass5 
19000.0 503.3 
20000.0 486.3 
21000.0 461.7 
22000.0 492.2 
23000.0 426.9 
24000.0 G07.9 
25000.0 Sofa? 
26000.0 379 .:/ 
27000. : 362 
28000 344. 


— oie ee ee ie ee ewe we ie ee ie ie ie 
ee ee ee _ ____o_) 


HEIGHT PRESSURE TEHNPERATURE 
0.0 1015.8 16.7 
1000.0 983.0 19.8 
2000.0 992.7 1.6 
3000.0 917.3 20.5 
4000.0 SOs.c 20.3 
5000.0 852.2 iia 
6000.0 S17. 5 16.5 
7000.0 726.9 dec 
8000.0 766.1 disc 
9000.0 737.2 SF 
10000.0 709.9% 7.6 
11000.0 685.2 5.6 
12000.0 656.3 G.0 
13000.0 638.8 0.1 
14000.0 610.9 =O ne 
15000.0 589.1 so.9 
16000.0 563.6 -4.5 
17000.0 543.5 Sete) 
18000.0 5249.0 -10.4% 
19000.0 505.1 = UGS 
20000.0 488.6 =O. 
21000.0 464.0 -17.4% 
22000.0 443.8 219.4 
23000.0 429.2 a 7 
24000.0 412.1 Seo ec 
25000.0 399.1 -2%.6 
26000.0 379.1 =26.9 
27000. : 367.3 aay ira 
28000. Be OF 


HEIGHT 


0,0 
1000.0 
2000.0 
3000.0 
4000.0 
5000.0 
6000.0 
7000.0 
8000.0 
9000.0 

10000.0 
11000.0 
12000.0 
13000.0 
14000.0 
15000 .0 


PRESSURE 


1014.9 
987.4% 
949.1 
7S 3S 
881.6 


TEMPERATURE 


15.7 
17.1 
20.4 
19.6 
1.3 
18.4% 
1.5 
14.6 


_ 
ine) 
oO 


UN te ee Dos sy 
OROLHWOON.~.o 


345.9 =30-5 
RESULTS OF THE REPLICATION # 3 


—eseeewew ewe wee ewe ew @eweewe wew eee 2 @ = = 
ee ee we ee ee ee ee ee eee ee we we i i = oe 


TEMPERATURE 


Oo 
DUANOMUUNUNNHEWWAoODU 


16000.0 567.6 -5.3 
17000.0 541.0 -6.3 
18000.0 528.7 “11.4 
REL HUTID 19000.0 £02.7 = are 8) 
20000.0 482.0 -14.5 
98.0 21000.0 467.8 -17.0 
80.9 22000.0 4494.9 15.6 
18.8 23000.0 C27 op aoc 
23.6 2“4000.0 405.3 -24.0 
55.6 25000.0 395.8 a ae 
oe AS 26000.0 378.7 I ed 
36.4 27000.0 ae -30.0 
31.6 28000.0 348.7 -32.0 
S2a2 RESULTS OF THE REPLICATION # 
G0O.] me sas me a ms a a es 
28.7 
oe HEIGHT PRESSURE TEMPERATURE 
0.6 
14.1 0.0 1015.8 M7. dc 
2.0 1000.0 920.3 18.7 
19.5 2000.0 945.5 ele 
3.0 3000.0 913.4 21.3 
10.6 4000.0 &83.] 1 hs Beard 
2.0 5000.0 855.8 17.5 
9.0 6000.0 824.6 14.9 
34.2 7000.0 720.7 ol 9 
8.2 8000.0 765.6 11.0 
18.8 9000.0 736.1 8.0 
2.0 10000.0 709.9% FL § 
Lease 11000.0 685.2 6.0 
44.5 12000.0 655.6 2.5 
34.1 13000.0 639.7 2.0 
44.5 14000.0 611.0 0.0 
40.4 15000.0 583.7 -2.9 
16000.0 5Bos.5 -3.7 
17000.0 5449.3 =5.5 
18000.0 520.6 -10.1 
REL HUD 19000.0 501.3 -14.1 
20000.0 482.5 -14.1 
98.0 21000.0 G65.4% = 6.6 
59.3 22000.0 450.7 -19.3 
53.8 23000.0 428.8 -20.0 
23.4 24000.0 409.8 -23.5 
SS 25000.0 cS dS eer g -26.6 
Ba | 26000.0 378.8 =-26.6 
VA | 27000.0 360.7 -30.3 
34.9 28000.0 346.) -20.8 
GQ) .2 RESULTS OF THE REPLICATION # 
G2Z.Z2 SS SS Se eS ee Se SS Se See eee Se 
A fa 
see HEIGHT PRESSURE TEMPERATURE REL 
18. 
2.0 0.0 1015.8 15.4% 
a7 1000.0 983.8 20.3 
Gwe 2000.0 946.8 20.0 
14.1 3000.0 908.7 95 
Lot 4000.0 887.0 18.4 
TS527 £000.0 856.3 16.9 
6.5 6000.0 820.2 15.2 
16.0 7000.0 7°1.5 i332 
oy 8000.0 765.7 10.8 
33.0 °000.0 740.8 ae 
1223 10000.0 712.0 8.0 
27.0 11000.0 681.9 La 
30.5 12000.0 659.1 2.5 
30.7 13000.0 625.0 1.0 
Se.c 14000.0 611.9 0.49 
52.3 15000.0 588.2 -2.4% 
16000.0 563.3 =5 1 
17000.0 Lae =6,.5 
18000.0 521.5 -6.6 
REL HUMD 19000.0 503.4% -10.9 
20000.0 482.1] -14.0 
95.9 21000.0 461.9 -16.2 
60.5 22000.0 443.9 -19.4 
249.3 23000.0 429.1 -19.2 
G2.8 24000.0 409.6 =22«l 
36.2 25000.0 391.6 =25.6 
40.4% 26000.0 577.8 =25.9 
14.8 Zann 0 357.6 -26.6 
36.5 28000. Zac; -30.6 
35.0 RESULTS OF THE REPLICATION # 
G6.]1] SS Se SSS. SSS SSS SSS SSS SSS 
29.0 
38.5 HEIGHT PRESSURE TEHNPERATURE 
49.9 
4.2 0.0 1015.3 16.3 
O.9 1000.0 9385.8 17.3 
10.1 2000.0 945.3 19.4 


_ 
Ww 
KF NMWNHNNONNOOOM 


mmr 
FPOMNOONNMOWY Hs 
—H“LPODONOOOWN Le 


— es AD 


12.4% 


bed 
reo 
NVMONMWUID AMR WOLhDNYUNNODND He NDROONOLo 


HUtIO 
98.0 
14.7 


3000.0 912.6 
4000.0 883.7 
5000.0 852.8 
6000.0 Sic -3 
7000.0 dee 
8000.0 765.3 
9000.0 T4207 
10000.0 710.1 
11000.0 681.7 
12000.0 660.3 
12000.0 638.6 
14000.0 615.2 
15000.0 588.0 
16000.0 567.4 
17000.0 544.1 
18000.0 526.9 
19000.0 500.7 
<0000.0 487.4% 
21000.0 465.7 
22000.0 G53.6 
23000.0 430.5 
24000.0 408.9 
25000.0 390.6 
26000.0 377.4% 
27000.0 363.4% 
28000.0 345 


HE TIGHT 


0.0 
1000.0 
2000.0 
3000. 
4000. 
5000. 
6000. 
7000. 
g000. 
9000. 

10000. 
11000. 
12000. 
13000. 
14000. 
15000. 
16000. 
17000. 
18000. 
19000. 
20000. 
21000. 
22000. 
23000. 
24000. 
25000. 
26000. 
27000. 
28000. 


cooooeoooooco0c0cocoooo0oooo0o0oo00o 


RESULTS OF TH 


HEIGHT 


0. 
1000.0 
2000. 
3000. 
GOOO. 
5000. 
6000. 
7000. 
gs000. 
9000. 

10000. 
11000. 
12000. 
13000. 
14000. 
15000. 


oO 


eoooeoeo°oeoececocoo 


PRESSURE 


1015.8 
986.2 
945.55 


568.8 
543.6 
52k, 5 
507.2 
480.5 
461.8 
445.2 
431.4 
409.0 
SO5n 7 
373.0 
359.4 
347.4 


PRESSURE 


1014. 
980. 
946. 
92. 
882. 
S52. 
820. 
794. 
761. 
738. 
712. 
682. 
662. 
636.2 
610.6 
587.2 


OnNNVONWOWOMUNSHs) 


=>. 
-6. 
-7. 
Se 
-10. 
a Lo 
co ge 
<1. 
=19. 
=29' 
Soe. 
=co. 
cle 


° -31 
E REPLICATION 


—MO-mMe Dinvo 


HO DOWARYWWDAWDYYNAVORPORUUUO 


HBOOVOOKMNKROOQNWO HEWN DSSWOWWN Oona 


OONH AAD eH NOK H HD 


TEMPERATURE 


TEMPERATURE 


= 


55.1 


WN ew 


— 
OCW RPO MM NOF! 


—_— 
NOUMBOMOODINDY 


N= 


_ 
— 
WONNAONAW DOD CDOD he YS NWYON NOW OO 


HUND 


98.0 
66.8 
G6.5 
36.2 
G8.4 
30.0 
20.1 
34.9 
Soo 
55.6 
37.2 
33.2 
20.0 
33.4 


13.7 


102 


16000.0 563.4 -G.5 
17000.0 546.4 "6.6 
18000.0 S2cum -10.4% 
19000.0 501.9 =A ol 
20000.0 481.3 -16.0 
21000.0 461.4 ae be | 
22000.0 446.3 “lS. 2 
23000.0 430.9 =2l.7 
24000.0 408.8 a! Be 
25000.0 388.1 =25.25 
26000.0 2388.9 =26n 4 
27000.0 257.9 =2i¢ 
28000 .0 4 = Sore 
RESULTS OF THE REPLICATION # 
HEIGHT PRESSURE TENPERATURE 
0.0 1015.8 16.1 
1000.0 985.6 7.5 
2000.0 9q5 7 21.6 
3000.0 916.5 13-3 
4000.0 881.2 18.0 
5000.0 851.6 18.6 
6000.0 817.6 14.4% 
7000.0 796.4 1351 
8000.0 765.7 o25 
9000.0 132.5 11.1 
10000.0 107.9 6.5 
11000.0 681.7 | 
12000.0 659.3 525 
13000.0 626.1 1.4 
14000.0 610.0 0.3 
15000.0 5o5,5 =2.0 
16000.0 567.3 =e 
17000.0 547.5 =f 1 
18000.0 529.0 =o. 1 
12000.0 502.7 = ae 
20000.0 451.0 =i 7 
21000.0 G62.2 -18.3 
22000.0 450.5 = oe 
23000.0 Gean5 =o 
24000.0 409.2 ec 
25000.0 2396.5 ~cooo 
26000.0 27> eee if 
27000.0 20ie2> Al os. 
28000.0 395.7 =S1-0 
RESULTS OF THE REPLICATION # 
HEIGHT PRESSURE TEMPERATURE 
0.0 1015.8 1832 
1000.0 986.7 16.8 
2000.0 $99.5 21.4 
3000.0 9739 20.6 
4000.0 €81.1 Ly 
5000.0 SS5.7 15:6 
6000.0 622.6 16.8 
7000.0 794.4% 14.0 
8000.0 764.6 1072 
9000.0 73736 Sa 
1¢c000.0 708.0 7.5 
11000.0 684.5 5.4 
12000.0 663.0 1.0 
13000.0 634.8 eng 
14000.0 607.1 0.5 
15000.0 586.8 =-T.2 
16000.0 569.0 =3.6 
17000.0 544.7 mics 
18000.0 522.0 =T02 
19000.0 501.5 ~12.4% 
20000.0 481.9 =15 52 
21000.0 470.8 -18.8 
22000.0 443.5 =-1°° 0 
23000.0 424.3 =215..0 
24000.0 409.7 -23.1 
25000.0 392.8 eS 9) 
26000.0 379.3 =2/2 
27000.0 259.6 -30.0 
28000.0 59257 =5¢.0 
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PLLE: CALSFE 
RESULTS OF THE REPLICATION # 16000.0 565.1 =o 56. 0 
SSS see Sees eee sett sssss2tsssses2s22“=°=2£ 17000.0 539.2 -5.7 62.4 
18000.0 524.6 -18.0 TORU 
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APPENDIX 6 


UFLR PREDICTED PERFORMANCES FOR DITFHERED 
ATMOSPHERIC PROFILES 
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COMPUTER PROGRAM UFLRPLT 


ail 


32 


PROGRAM UFLRPLT 
IHMPEITCIT LWhEGER< 2. Cl -H)> 
DIMENSION X€150),R10150),R20150),R30150),RAC12,150) 
CHARACTER¥80 TITLES, BLANKS, BUFS$, FILN$*20 
BLANK$=! ; 
HRITECX,X'IMPUT FILE NAME AND TYPE’ 
WRITECX,*)'A NULL IMPUT EXITS THE PROGRAM’ 
READ(®,'CA20)')FILNS 
OPENC2,FILE=FILN$, STATUS='OLD', ERR=3) 
DO 2 1=1,100 
IF(I .EQ. LOOJWRITECX,%)" OPEN WAS SUCCESSFUL ' 
CONTINUE 
I = 1] 
READ(2, 'CA80 
READ(2, 'CA80 
IF (BUFS(6 
READ(C BUF 
I=I+] 


‘TITLES 
', END=6) BUFS$ 
1) EQ. '00' JAND. 1 ae 


EQ. : 150) THEN 
(F7.0,49C0F7.1,2F5.1))')X(I),( 


RACJ,1),J=1,12) 


CONTINUE 

GO TO 4 
CONTINUE 
WRITEC#, 'C'! 
GO TO ] 

CALL DONEPL 
STOR 

END 


SUBROUTINE PLOTIT(X1,X2,X3,Y,11) 
IMPLICIT INTEGER¥2 CI-N) 
DIMENSION X10150),X20150),X30150),Y(15),X11015),X22015),X33015), 


CAN NOT FIND '',A20)")FILNS 


®XRAC12,150) 


CHARACTER CH$ 17 
CALL COHMPRS 
CALL PAGECI1.,8.5) 

CALL AREA2D(7.,5.5) 
WRITECCHS,"C"*" TARGET NUMBER '', 
CALL HEADINCCHS,100,1.5,1) 

CALL YNAMEC'ELEVATION CFEET)$',100) 
CALL XNAMEC'RANGE CNMIDS', 100) 

CALL YAXANHG(O) 

CALL XTICKS(2) 

CALL YTICKS(6) 

CALL GRAF(O.,9.,498.,0.,6000.,30000.) 
CALL DOT 

CALL 
CALL 


be, ts ' oO 


X1CI+J-1) 
2X 2GltJ 1) 
= XSCT+J=-1) 
CONTINUE 
CALL DOT 
CALL CURVE(X11,Y,15,0) 
CALL DASH 
CALL CURVE(X22,Y,15,0) 
CALL CURVE(X33,Y,15,0) 
CONTINUE 
CALL ENDPL(0) 
RETURN 
END 
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